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hologram disk, data on each page 1s sequentially generated by
sequentially dividing input data in predetermined units, the
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the angular multiplexing may not belong to the same group,
cach page group 1s individually subjected to inter-page cod-
ing processing for computing an error-correcting code and
adding the computed error-correcting code, and data on the
pages subjected to the inter-page coding processing 1s angu-
larly multiplexed and recorded on the hologram disk.

12 Claims, 19 Drawing Sheets

m
et RPN ' B & 3 .3 % RREY
,EDWIEE PAGE E “-E’gﬁET "~ PAGE '[?.ﬁ-]- - 51
SFSO [ X0, I X, E Kle=1Immn).
b Xmeess | .x[imn-'i]li X Zimn—1)
EI'-:‘;E‘! R —-
¥
ERECUTE INTRA-PAGE 50
CODING e s \
PAGE {1 PAGE 7 PAGE (23-2) |
o, ¥{2mn}, kﬁ WE{2-Biron), i
va. ES e I Fﬁff
! Mimo—1) .I'.'Ernn—l}lh" M2 hmn-1) :‘
—< ¥ . '
i PAE 1 PaigE 3 EQDPAEE{EI-1J '
2{mnk b.\.,‘* ¥{3mnh, R4 2= V), ,\:
"N - NERY
NN L X211 RNy |
| (Ll P
§P3z M -- -—- ——m e
| S0P S0P
EXECUTE INTER-PAGE S o - T

CODING

P‘I‘F‘I.‘I;-i'I.r‘I llllllllllll

...............
G e M o
....................

b
'''''''

1111111111111111

*+.m
.....

—_—

S E . ——————————————————— ———————1

HNCHRONOUSCODH  iioemscechoosaoeoroserins

rrrrrrrrrrrrrrrr

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
---------------

| v Ny I
-------------- ¥ \ !%GEEE{HT'EFZ};‘ Ko, } Fﬁgﬁfh)ir-ﬁi‘
B0 peiln | g |
§P33 ARE Zewy.pipr |
i i EEPAHHPAEEI Pﬁ@.@ﬁa

““‘“L“‘“IRAHSFH ) PXY
FROATA 1
10 PIEKUP SP34

O

51E

PXY 510 51



US 9,025,425 B2

Page 2
(51) Int.CL 2007/0047042 Al 3/2007 Noguchi
GI1IB 20/12 (2006.01)
G1I1B 20/18 (2006.01) FOREIGN PATENT DOCUMENTS
GO3H 1/26 (2006.01) |
P 2007-065138 3/2007
(56) References Cited ‘__P 2007-066375 3/2007
JP 2007-066376 3/2007
U.S. PATENT DOCUMENTS JP 2007-0606377 3/2007
WO WO 2004/102542 Al 11/2004
2004/0223200 Al 11/2004 Waldman WO WO 2008/029995 3/2008

2006/0192866 Al  8/2006 Taguchi . .
2007/0047039 A1 3/2007 Noguchi cited by examiner




US 9,025,425 B2

Sheet 1 0of 19

May 35, 2015

U.S. Patent

qﬁ.-.,.h'

ﬂmﬁﬂbﬁﬂmmmmwwﬂ'Mmbﬂ“ﬂimmmmmmrﬂmmmmm SRR RO BT EEG L s KoHe TR SRH T BB ST B0 BAGA TTD BN NS ORI TN ATER TiDe MMED AR fanh BEP oA i S AN S S O ST EROTEw oo

N umm 5 a} gl

orral™s OHEER Falblr 2 HAE il b st Dok A0 Skl erlied. b0 fdede s owrrh We—h e o v P A el v v e ek e wmerh run. prle e re aE orO3 EeTs TTmL pOED] IO RO TAUR WAT- TR DWATH SR TR DA CSAARE DALMY slell- BT dmm's nramk chams prre rerwsl sess mrms Uvsh cmmgg - Sy s gremm pTETE punsy Jpms pweny Foorm, ARy . EO RO FROPE RSN BT L sl canar s Sd owmasr COCR O GOr v Sl et Ce f B e Wi mml i g A Y DA Wy T HATST (R AN LSRR DR OF T WA OO T CI CENN hane,

SN T T =8 bty St S Py Y

Morprreis g R e o A e R N B T o R

...........................

E%mm 0
SSE9 9L

k]
H 5
._
i 3
_ X
% 5 L
ke WA o . . ey [=EEr Il .II
-
i 5 v
. H d
L i _m"
! ; 1
5 ]
A O | T T T ...... O, T e ﬂ“
& i I Eﬁgﬁlq ) L ey
i " 5
i i
H 1 i
: = H
i A
a: ] it :
N ) 2 i il
P M _.... £ T T T A g, Tl Tr L T g
by 9 Ex :
& : .. o, A
e L i
- 3
n T,
2l =
! ¥
i :
e
-
-.- -

- =rgleuiarat i e A o N T A A L [ e e T T P e T T AT P T

—— __,Mgﬁ% FdNOAGId_

% _____ SASTWOLLAD
VONINOOISYHd

LE iy
TR Y e el deder rer fp— . .
== UTFED PO TR Bt el s oum el iuor st TmC LW OO TETE FOTE OE TS OSOCR GFVH e TRy biem oot dSTT CTTE ADOT DT TH KO SR HWH et e sk anTp BTITR CTEU S SO MY DAL Cofmd —w—d lrwrm frm ewmm mee oy MR o - WD .

&

—xn

WH

[9NISSI00Hd TYNDIS| g%%% WSS

| anouo 1V oo

0 LNOO
HaLLHS

| TOHLNOD HOLOW |
z .E,Em Km“m

L% 2 S I - Sl MR T e T 0 e W, - b s i e R T iy T

| NEISASTVOLLAO
| 3S0dUN-ONILOFLEA |
|_3TONYNOLVIOHYSIA |

Gl o mlear mima gar s AETT TOTTT D TEUDY CDOFY OWTPY TOVE DU BT Syt By T g OOV GO Tl ARH BHEDR ot £Or W TWH WOOW RO Rl ETWRL whr e reTeT  [RnE e FAR 4 S few] rewe e p— e mman !-...I-__un‘



US 9,025,425 B2

Sheet 2 0f 19

May 35, 2015

U.S. Patent

TEEA WERe A RO FITL BRI OCEOR AT A RN A St s o ol biea opes S e ORd SRR RIS PIRD AT HRRS Rdbh miibe Effo Raih Ao wibn podbh o] Ldm owew rion Bbw wroe rbon or Dby o3 bR, AR AR WA Jokn Aoy ot
m“mmmmmmmmw“mm“mm-ﬂ#ﬂit-"r'l-i‘nl?l--ﬁ-lh-i'd-in|.—.|7|l|lm-n-d-n--lw:l:.--"m“-——“w-mﬂumﬂm“mmmﬁm-ﬂm“v—*mn—ﬁbhh—ﬁ*wﬁﬂﬁﬂm=ﬁ_mwummhﬁd

=
i
i
£
1
i
1
{
i
|
:
;
i

TS i o b tmm M T T pEa1 o RRet deim= Chew d oy ke



U.S. Patent May 5, 2015 Sheet 3 of 19 US 9,025,425 B2

L |.'-."||.-'-I.'|.'|'.|||;'-|'|."' Ak

g
t
5
:
|

St

Ao

1, 1 TR




U.S. Patent May 5, 2015 Sheet 4 of 19 US 9,025,425 B2

an-2plae s sty

L oaam and Jmpa e e e ey




U.S. Patent

May 35, 2015 Sheet 5 0f 19

US 9,025,425 B2

-2

A

Sram e T

"k L L,




US 9,025,425 B2

Sheet 6 0of 19

May 35, 2015

rke dra g b e et et nird bk s wree swe e el pere e WS- s ymar s LD RRY REA) Arap AALT FuiE ArTE aran g

-

;

TIFF T T4 Fim7 P EEghf ey WD 4 S (WE B S CLWEr Ry TR RS S B ]TRE SURy pEny rpew OOHT PETF OTTE WeET O FOTw OOy

U
Tmzzzzozzzzosoooooocl
'bh‘q
w1

SOP

P
i
7
Y,

;

§

4

B

el oy
% i : _3
W JU S ) |
N i
T Py N RS
e g = g B,
- : % | 1.
- £ L kS it
L | R m um $ P
L3t L ek S S S S S S B |
olE % i i
o 5 . w - - {
2 £y - 1§
it
Y {
{1
ey b
k1 L
s e Gy b

?
51

S g €53 M
.
= ¢ E t 2=
e T 5 -ﬂ“HﬂqlE!w s
S E e |
e, it
h , - S u

X
a

-
/

ARAD,

e

%

K0

mmmmmmﬂ-mmnw-ﬁmmﬂwmwnln-:mmn:llmmmnmmsﬁmn&m-mwmmmmmmmmmm-nmuna

el ﬁﬂh*h“ﬁ”mw“h“##ﬂanﬂﬁmﬂ-—ﬁ

Lr—m:ﬂlm—_mm"'.-:l--l-ln:l.mm-:nl-mm—mummmmmmmmmmmm“mmmmmﬂmmmmmmn—-nﬂnﬂ
;
m_““-_m“k“mﬂ“m

1 4 h =
b . ke X
- n : . ” 78 2,
PRI AP B =oe, - £ i
+ g 4y
o » ol A
A L% _”u... L] ks 3 -3
o 5 x iy N
= el £ i !
™ - P TR, 5
._ﬂ_w_. iy, R oy
; A,
L:r) . s,
] . iy ;
N ] 3. ¥
a2 o o] e 8
2 : T S, Y 1
W
vl A ruwe fopeal wiE par . LI ' =
e drrm T e rwism orwwr em o rrm TEE A ETYE EmTER TUE RS RRT AT T AR P mvr FPa o =wa rlﬁl-iilrjﬁiil.rr.ilu

AL gp3g PXY

U.S. Patent

i

b il - e

-I-F'n‘- wpe igh =T 4o ww T ST WE e —b-&ﬂﬁﬁ-
HIr

g

Iy
fF ree o g orw rm s cmr min el el feh sk wm oHe Y
H
_.

2 J
P oapr TR AR TR T MR TET VR T T WA DRI
; 3

S5P32

3
3

ﬂgm_”.

Y




U.S. Patent May 5, 2015 Sheet 7 of 19 US 9,025,425 B2

"1 ARG T M TR O TR NOR TER R PN O T 1T ol TR SN Y 553

1 I, o
ﬁ'- §OT FIME SR W A eyl R
s e cepovpos Kol o o o e ST emilie s e T onadR e e TR

e AT A T BT o= D™ e b 0 el 8 s, 2 el e
S AP MRRT FTF R M T AL dER SCT oA A B

L e e R RO AR B o ey e R O O L T LR
- L P

Ty o b el T T T I T L R T o T e o e T

& WOl EAh Rk RN I O e FEG S I R G iR TR SR R R R G S D T 2 R S R

: e 1
dpghy dmad DR 0P e U IO R Srbfr pas fegs £RCw Goay sebko sl oo : I- r .

r 1%
-_-Hﬂ“mwmmmmmmmmm..:}:
; <
: Tt
A ;

) .
e T T T o, Lo el sy N
: H
;. ’ ¥
i B :
. 3
. -I :_
1 r
H H
i
b [N =Jper®] R et vieew vl mewsr vues sdbbsur heleeh doass -

T AR LT b AT
RS AT DI Ml BN R TR TR I STV e E AR B deem end

i = !

i Bk ey
] d. iy
.! AT COTH  RHT OO O [ 50 g A
F DT O b e I T T mrus L. ':'u (R HEHRAE '.:': =

U uPE T D AT = o KXol ST AT G BT REEY

LN Sl el WL Cdh gk s ceeis demlwd sfaas Gmad
g L T e g ]
i

7

o o e T LT 1 LT el R Ts L e b PR e o e T
2 OerArk difelh gpehed gl wanym rhEL sama s W
i
i

oL R el s T i e - 3 e et o c -
] i
y B
WhCal riebrs mhiels seshh asvsh ovss .sora EFLL JERER RGP -n-\.-l-!-u-'\—\l-ﬂ__: kbl wrres bk deamk Crmsh Uoams mEa TRcam eram s el

I oM W 'E_ Fom™  dmlekf slmes Besblk Lsb'y Solel sros spees efis Eegen WP e o
; ]
- .'._' A b e D e e e i R Rl et | g

T = L At T T e T G W AT o™ i it S TR T oLl o P rl bk o = a1 o b e o e L1457 B
WOT I oG GLAE (hFI el vk S o aamd oo wTnd) in DA TR OTO WS A0 BAOE AWOS LU0k MDA Kl AGrH Al A e AR L DaiTE AR Mt SO W Ok HTikk Belies sheld Frerh ok Uhbh rmhe deidn bk - vmA s mrar mnem] poman nim dmms o efe BT -GHAR MO AR Rk ke i dkark ki Ll o sl e e sreeh julf s foam Jmam e e — —— —

']

| £




#E.I_ﬂ HoEr Sk AT DS HiEY Aok wr

?ﬁﬁ

xd =, . mga% Naﬁmi

US 9,025,425 B2

Ly
O I T i e i T L T i T ] T ek T A LT

=T ma e

Tt -5 piwa mnr

Hnwmw hﬂaw

L i T

“ MWEW

I..E.—.J.T!HH; *U.E.HI.EEJ...

o %_T%E m

WLOF WOF AT T IO

“ !

¥ Eﬁmﬁ%wﬁ

wm&ummﬂwm“m“

?g m

o Tl ok o, S P T T Y
] : i
H ) 2 H 5
e W .‘ Ty mmmmqupmlhm RIS dhm e DM rEnh

i

A

Ot o

Qa@%ﬁ oA ﬁw i

DAY R Vs Ty W s pete alme sl Lnan ome Sho
]

@i w ]

@ag w gﬁr

MWEE& 4 mu}ﬁm ;

i

¢
|
m
:
*
m
]
M
{
_

ﬂ%m. mwf

[

o
muﬂﬂwvﬁlmmowiu@-m% .

%mm .

’T

m’hr:hiﬁ\:l

e e il s e ]

At

4 $

o

aaaaaaaa e 14J§ ST Ty
Q% m a%& mw,lﬂ = mu%ﬁ W mm [-TOA M M. E Tamw.ﬁm H

@ e ﬁ.@.ﬁ

s

ANEE ﬁﬁﬁ ﬁu@mmﬁ

"R & RE

07-Ad 1

=] et L L e S e Pl e e e e e el

| o
é
g
g
*EE'
‘i?;;.:"

BT

%

- L SMOH dA LIHYd
- NOLLOZHIG-NIITIOO

m fﬁa: ©'19Ad ||
S S T e &

QDRG] e (ODAG 0L .

T i BOR ofih YT eURY i
A M ok deoh dbd CEh b
‘“:ﬂ:ﬂmﬂ“hﬂ

wwwaw&wmww?mmw -
|
mmqﬂmmmnm#pmw -:-

do ooy bl oo e bR oo ey

4

m ;

Qaﬁ ﬁ%ﬂm ;

Qag w__ﬂw}

k[ R
DA i whh

4

ﬁ:ad mu}&

IOt § RO oo S WO A Al | OO 00 St | S b S T\ Py Taag,ﬁ%aasas m.
= (4-D1-uxd @2 g-wnxd” - (- gt _ﬁa (p-u m%mg G- LG (ERE T T O L-WLE |
M ;a@hﬁagﬂé mmm%ﬁ%@i @M% _w& ,. __z.,,mm &2 _ui - ﬂaﬁwwﬂﬁ .ﬁségéwmi% e [ m% %m 0 wwgﬂ (0
,_ﬂ Qaﬁnma% mumm .ﬁmawmws_%mwmmp SRR €1} m.z% ﬁﬁ mm;%uw& ﬁgﬁmpﬁﬂ.ﬂ ﬁmma%mgﬁ,mw ,ﬁ Cheen s ) M It YTy ;EMMH ,E
m e - q,%E SRS — %%%%w&@%s%%%ééﬁ%ﬁé

| H > SMOH W

m Q%ﬁwmﬁm ﬁmm%m?mw% {0'G DYl @ m ﬁ% _ﬂ.?g §10 @agﬁﬁm
2 .ﬁwu@i a&% = ,ﬁwﬁggﬁmﬂg | usma e
> (-BFIXd BT - x| e

Wehd

tieroere' e rhimiciar

Qﬁw RO

(-9

U.S. Patent

d .ﬂ@p 4 g i
w. m { ﬁw e
-
WTIT ggﬂ%ﬁﬁgﬂggéugkggf?ﬁ%é e HA T e 1l

ﬁﬂ ﬁiﬁuﬁ@?muﬁ” ﬁm-

QLULEE SEIRE 1LE LEEELEL: LLAEIC ELLEL T o b

LGN

L o

% E

(UL ¢

OFNXd |

(e

(1-¥ZH10 B-Wnla e . M

TR T T T

m?ﬁ ,M,E

Rl (DL ©1La

Q.a.ﬁ @ mw%m

‘e SHHET A T

[ Tt it S e T WL T = i

TOvd 15t % viva
3OVd HL,




U.S. Patent May 5, 2015 Sheet 9 of 19 US 9,025,425 B2

=t ke it "-.-. .'i.':.-. 'r':--:. i o

. @zﬁzw ﬁ Mw; ool

ﬂﬂﬂﬂﬂﬂ

aaaaaa

= iy, ) B ! e W s Wl T N T T L ;
r i s p, 9 -. N b . I"-.._ :r 3 '.__":=-,_-_:':=-. 4 .__._.:_:-:!r_.':__.. :::E. r LR " g ; II.-_:-'- F. ’ 3 " .!
, _ . P S AT oAy N R e T Sele Te B et e A D L S AL A B i D R e g e T e e T P, ..- = -::- .I gy :-I:::.- kb Pt -:.EI HLE .i .:.. -_"I:... :_.: ) :.... : s X " l_- .._1‘ -:. of ..:'-:_.I. o 1 A : y J ; i
; @ ' '"“"' W,y L YA L A .

® v N N R, NOOHD 2 MR K £

- ! "y R i N oIy o] ]

o ' '."“" L ) ' b " h ; Iof Y W
% % _..- ] i.-._: - . Ty ;] . ..:.__... = . i y " <= L

[aaa Yy

¥
i:' TR rTAL A MG R L e e e sy
v

......
ek b R

PAGE 21-2

PAGE 21-4
PAGE 216

| DTOm-1.0), -eee DT0m 11 SN N VA

F e ] v 5 e ! I /] %
r F. ] ¥ F. e i a1
v s T 3 Al e " [ 2, A v
4 r, - K . A 4
e - 4
A Iy a o v i £ F: 5 ..
+ i [ =y » 1
: e L
g e ] o i e
= - =1 i
X f‘ E :- . ) 3 L, - -
s s o ] F
) ] 4 r,
‘- 4 > s ’
AN ~ ) o d
. . X [ I ) F.> ] a
b ) 1 & - r !
J r ; .
: A ¥ 1) o %
v -| r]




U.S. Patent May 5, 2015 Sheet 10 of 19 US 9,025,425 B2




US 9,025,425 B2

m E%&iﬁ% @

m.ﬁggggﬁfgﬁgﬁaﬂggghgg hEﬂam

mm @f%&

ﬁywaﬁ._ﬁim MN&

M s

Sheet 11 of 19

A e M;ﬁwm
% ?@E

May 35, 2015

%ﬁi@i

3. m&aﬁmﬁm

nQMaMEM%._

A TN s 0T N ] [N iy T o LT L T

U.S. Patent

;. B ..'fa-i::§:

AR AL SR s D

*m_m., waﬁ.wﬁ&wwnm,

,mx -4 @ruwﬁmﬁw

wwa&%im@m ﬁm

,.mmma& %i@wﬁ&

ﬁ,m iﬁmﬁw

n ﬁw @Lﬁmﬁ%

% ?.w%m

m wﬁm w&ﬁﬁ&

W.. m @iﬁg

5 ?@E

W@EML@H& w __ ,.mﬁ__m@ &mﬁ& W

E

LIS EAYC

e KUE e 2

W ﬁﬁ&ﬁﬁﬁ@ m m

%ﬁ@w& wm

S
a.&%ﬂm

ﬂ. i e = u_mﬂ

: wﬁdmﬁﬁﬁwﬁx

Eﬂﬁng%%gaﬁ%aﬁgaa gaaagggﬁasggﬁﬁﬁégg.@m
e T e, T I E- o THET LTS T oo = S T 5T L E

mﬁaﬁﬁsmﬁwm

LU AR

HETARE

£,

_“@H @vw,%

(FL0YEd

ﬁﬁ

i b e il i

E n..ﬁ, E&mﬁm

ﬁﬁw_. i 4] mﬁ_& m

TR SRS A R

.ﬁmﬁ%%ﬁm m

[,

m A
..

,mgwﬁm% ,

m.“ @w. @Hw&

STV AL IHVd NOLLOTHIGIOY

| D A et

_ Eaﬁ?ﬁ%

Mﬁ @%

(o)A |

ﬂwmﬁmm

1 j;a,maﬁ%w

.|_| Ry

n 3 mhmamw.w%

{ %m wam@%m m@

| Tewrmna

%ﬂs%?mﬁm

m%@ wamﬁwm

%ﬁw&wﬁm
%ﬁaﬁg
@EE

%ﬁaﬁg

mﬁ L

mﬁ. mﬂ wamwm,ﬂ

ﬂ&in__.n___..ﬂxf..""-

._%wti b ,mmwﬁ

m%mﬁﬁ %&ﬁwﬁwm

m.,m @E_ww%m

E ?_@E vesens fraails
f?ﬁﬁa TERTE 1210

TOP-iZIL0 SARLe a2

P T I I ]

ﬁﬂ TE;%E m

EETESR

L

Lo ]
k- i
ooy i ST PR

= e AR L e TP

%; ﬁ% M _w

E %ﬁm MW

ME ¥. %% %@ Eﬁ mm

2 E 0 drir B m

dd £ARE

ﬁ waﬁﬁwwﬁ 1) Tﬁm ﬁﬁum

sl asmat i D e

mqwssﬁwm

LT o R S, TR LR DR e S = )

S O o e TPy T T T P 1] L B LR el

-

-

ﬁ ?_NWE %ﬁ% 3 %m

3 ?EE , 5 0

tREED W mﬂﬂmrmvvmnm

: ﬁ., Taﬂﬁ% E%;Em

X mww&ﬁimm ﬁ%?ég%

mm w,%i W
rEEA ||

Eaﬂgaggﬂmgﬂ&gg%ﬂaiﬁm.m. Ex

trz-wrg)ng |

Py

ﬁmﬁt,m
é 0o
nmw @w,wﬁw

EQ,E -

SMOH G A LMY
NOLLOZHIG-NINTION

SMOH W




US 9,025,425 B2

Sheet 12 0of 19

May 35, 2015

U.S. Patent

%ﬁa&ﬁﬂﬁ.ﬁa_m_.._ Emﬁ%&ﬁﬁm T ?ﬁ%ﬁww

| ME ~d 40 Wi mﬁ& i Mmﬂ L4 ﬁs@.ﬁg -

2 L i -'EF.-"-.'- R AT
* : i
e KT SR KRS DN

m %ﬁi é mﬁw

3 Z%%

..............

% ?ﬁ miwwmm T g

ﬁﬂﬁ mihﬁwﬁ mm ‘s

Eﬁmﬁﬂ%%%ﬁ%fmﬁﬁﬁggggirg

4
:
L
-
el

%T% A5 1k m%m. Eﬁiﬁm&

ﬁw@g@wiﬁwﬁm mwm..ﬁm m.imﬁ& “v e

mamtﬁ,_ memﬁ Mwm ,.E_ﬁ;mm”wmﬁm

%ﬁaﬁg T2 -

3?@%

X %@ﬁéﬁ% ves

= oy o ey " Pyt " Lte e Sen TP e e ol Y e, P et B S g e e e e P R ] B T T T T L S

e, . .....-_“..

% L%ﬁg mm %m;%h ﬁﬁm m
- jte

TH g rR LN FRDEES T

E::

=
r
LI ] 'i.--'- : -

% m..émﬁm Eﬁ;ﬁ%

Mﬁ% mﬂﬁﬂm M wm_ mwwﬁ

.mm T e ES AR AR E

p 0 Tﬁm

M

q ) %@E m %%ﬁ% m

=
kg T
K I
" e
L -
ooy BT e s

., y
b i
i i+
7] b
4y 3

,? ?ﬂm ?ﬁmiw ] m_f _ﬁ.% m

R e ... e b W] P i o g e e —

?Eﬁmﬁ% E%ﬂ_ﬁ@ E E @E

__ﬂﬁaﬁﬁmﬁm éﬁﬁ ww%

mﬁa% m. ﬁﬁﬁw

m E&% ﬂm& mﬁuﬁ wwwﬂ

h%% Eﬁ “ HE-THE: Eﬂgﬂ%& ...... Fp W

TR R TR T TP Y RIS

ﬁ mﬁ % wmﬂw é E@E

ﬁ 02d % 17 | FI-7LG

w wﬁmmw_.m,m

ﬁ 2110

B e ]

foi-mia

SOV 4 ALY NOLLOIZHIG-30Vd

e ﬁ%: m %% ﬁi m

WA THAT PR R
A oI oSy i
WWWW
muﬂ-%m

_ﬁ ?ﬂ% m

mwwa% % mwﬁ mﬁag mﬁ ﬁﬁ.m seenue m%w;%ﬁ %m

§ m..i_%m
ﬁ, —
%mﬂm,,@E,,_,,_,,._,,, mﬁamﬁm__
T mﬁﬂms@.%
_— E m.,ﬁ_g o
e @ miﬁ.ﬁ

eiene %@ﬁﬁm | ﬁ,m S,E ]

E_ﬂuﬁmﬁgﬁgg ..... Eﬁw%ﬁmﬁ

mﬁ&mw

m wa%g_@i m
ﬁaﬁ ?ﬁ%m

i ok A R )
?

3 ?@E m

_Mﬁ@ wﬁ%&& m

ggsgggm_ﬁﬁgghgﬁﬂlm Fﬂ Hgggﬂ.ﬁﬂ?gag%ga%%

mwmsﬁ k-l :

BNk R & M nm”@wmmw_wﬁ& mm

m E«.mﬁi mm

EROE L r W ﬁ%mﬂﬂ%%.W%ﬁ

mﬁmaﬁmﬁm“

U T DR S Gl oY P e B oo i ol At e e A il N B 5 e e LTl T e e

nﬂwﬁﬁrmi w.g :

sEoEE m%%%mﬁw;mamw

E% mi m !

y aim :
nm@mmﬁ%m

mﬁ A mwﬁwﬁm

@é Eﬂw

SAVd |

aene {r m.mm.m

?Em
CTEMG

sarE s #qﬁmﬁu@m

E,@E

mmﬁmaﬁ Em

%ﬁﬁ@
Bm__..w Eﬂw
e 11 |

3 E.E

SMOH d:A LIHY
NOLLOIHIG-NINNTIOD

SMOH W




- -

- |4noHII SN0k
| NIS HOLLTIGHOD

E :
H T
L e iy rr—p == = b

.
- S
A7 Sl h, AT,
o g
i L
: R B
o e T EF

JNOHID DNIGOD
JoVd-Ha LN
HOA HALNNOD
HOOTEOL

US 9,025,425 B2

CHEIINNOD |,
NI 3@.@

Sl AT T TR YT Hhde sl bk A cal o el e e sy sk ey g e ey TR
]
3

) m_w_g_ﬁ 18
mmm%%

o DT e B T o T M T L T - e ey W L, £ ety Lo sy v [ o oy e

Sheet 13 0f 19

| UNOH0ONIYINOTYO
| 3000 NOLLOFHHOD

May 35, 2015

ek Uk et A ewh orelsdr el el et el AR Y TR el AR ek v v oA AL s e s sl e orsas rlbE fedm rrelee sk el el b’ oW M T DR T rilwe TSR ARTE FITT LR Epy TmEm

LRl S ) EﬂinﬁuﬂuﬂﬂgﬂﬂaﬂﬁﬂgﬁaﬂﬂﬂngEn,ﬂ..n,...ﬂ.....m".. S W SGA MMM DHI Dhia cHd B SRt A MM Tl om o R T

NOHO — InoHID %ummu
INIONJOY TOHINOD TOHLNCD
SoddQdy  AHOWIIN %m@ =

ol Ol

<
=

U.S. Patent

L e —— PP R—— — . e . e s s s Eres wmls T S Lrere rEeh S S ErSe. e S ArE Ered raew ek s mleet ofes rleekh sl Arif sl cvwrd S JHEN PR ST OEFE WS TS YD BB FTIR MW DO YO EDYE WO OOEED VRS TEEE WIMR vobey wiien oo el b0 Ve mllED SR O T OO OFA diide =ROL 20N  HDE B
] :
A
T ]

_ dOQLVHYEINQD

CNOOAS WOYH A



US 9,025,425 B2

Sheet 14 0of 19

May 35, 2015

U.S. Patent

S e T T =" =g Ci-hoiero o
[

e T T T W ey s

ral e e ]

7 30 LNIHINN

e i S

L 00 1 Bl
TN N

i

a2,
aaaaa

T

S

i

SN TN 3

TR
]

Al

WM N Y

PR R Y B LA e i ¥,

N A

[F . T P P

00

VLN SN

MOY OND

T

e

e PR AT LT PUGTHE M AU i i TR M L=,

NWITTOD 1SHH

T Rl 0 oy T

L E=S -

M




US 9,025,425 B2

Sheet 15 0f 19

May 35, 2015

U.S. Patent

A T T

=0 b=t e e o i e UL b L e i i T M Y= B e T [ T T i e gl e o e e = [ R = o= T Y [ et e kg T 1 T T ]y ] e L= 2O T T 3 (W = i Ty T i e 2 R o =kt I A SR o i b e L = e e ik ke g ety o 1 R e e S,

v 3%

ol . R

..
..... L s e L e e e —
I IF

00 gL G(0'0 1DL]

Vo o Ning

)

(002 Zd GO RTed

e R S

......

O EHDIO OO

S.% 10vd NAA F4IN0TY

m
w

Lariwl

F
.
aast”

i

R T SR Ay eEn Bl D T e e
Y

L=t e I, LT e =l A

e O mmm&mﬂbmmq
;
* ;
: 1
: I
S LR ety mm*mm RIS e
3
i
:
:

|
1
1
!
|
A,
]
1
1
|
e
]
i
L]
4
3
i
f
|
bl
'
il

; 1
Thit oioE
i
ope oY wen
r

1
i
I
|
§
|
1
r
E
I
1
T
1
L
T
+
L
"2
A
T
iy
F
L
¥
k)
"

A M ki
r i
R micie Smff el S
E [

;
: i




US 9,025,425 B2

Sheet 16 0of 19

May 35, 2015

U.S. Patent

T T R R B T T

= s o o oy | St o

L

A e BT e s e Ty, e Ty L

HLD ™S T T D A e L S T AR T D Ly

i P Lt B, e B S s e e =Y e

o R

Naa b g BiIF o7

- -



U.S. Patent May 5, 2015 Sheet 17 of 19 US 9,025,425 B2

NN cxn coma non e

14

j-;:-
AR TR FTT B OR FEP
+-]

s
o R WETOD MM RO ACCRE MW TR eos st CEES WAOD BROE SWVED. DWEN VGOV Ak SN Fail st Chirls ‘o T o oD bl e DOED DREDE JHERR DI

?




US 9,025,425 B2

Sheet 18 0f 19

May 35, 2015

U.S. Patent

N
RES

Ty

TIAL

WIS TOTd DO O ORD IR b (O AT P oGl AGF nef5) A pi AR vsand Dol T P

FIPR e o Sl Tl R ST W SHE W S R mmmﬁé
SN L

bk mlces rosk 30 ciich QS whrhh AR it el SHL delial el s e rerhts

P ool Aol aR bl W ek doh e s mmmmmmmmmmmwmmmwﬁ

o g P S PRl P IR Py - s gt PPty gy i a T el oy
i
_';:- o mmmmmmmmmmwmmmmmmwmmmmmmmﬂdﬂ
i,

. 3
Y

g
TR OO SR SRR IR TR SR DR AU ke maly G A awn Do nomm adu AEH R bk GUF HAD. A GRS EITR ST PR s PR iAD moma gppel Gl OO s DEOE W O AR G
|

A e e e L e o S LT L MR L T
A o NI R T R BN g (T PO N e HTH AT SR O TR AW Ol O R O WY SO TSN YR T

|
3
B
E
8
A
;
i
1
1
]
:
i
i
g
;
3
:
§
g
:

R OD B9 O™ TN ARG IR BT XTE DR TN LTS AR BMAR ol MR ik R




US 9,025,425 B2

Sheet 19 0f 19

May 35, 2015

U.S. Patent

faopor ay

QY [ M-y S

W%Lﬁ.bw

:
o] KlinieK it | |

qaggigisiiiiiggaﬁﬁl

PARE
AN

W Y N e WP S Mo b w0l Eae s EEE EErn ogee Aoy oo st mgn jenb T s FTEE) DI DFR R BTy Oeoey

I

R
EADD!

K]

eslowcdh J

NITIA
RESS

T A L ek o 2 Criak s o L . Y . i

L

o r
.
e ]
-
L
]
-
o FE
T T R T TE L
-,




US 9,025,425 B2

1

OPTICAL INFORMATION RECORDING
DEVICE AND METHOD

INCORPORAITION BY REFERENC.

L1

The present invention 1s a continuation application of Ser.
No. 12/680,616, filed Mar. 29, 2010, now U.S. Pat. No. 8,614,
93’7 which claims priority from Japanese patent application

JP 2007-257897 filed on Oct. 1, 2007, the content of which 1s
hereby incorporated by reference into this application.

TECHNICAL FIELD

The present invention 1s related to an device for recording
information on an optical information recording medium and/
or for reproducing information from the optical information
recording medium by employing holography.

BACKGROUND ART

Conventionally, there are optical information recording/
reproducing devices which record information on informa-
tion recording regions (information recording planes) of opti-
cal information recording media (optical disks) of retlection
systems such as CDs (Compact Disks) and DVDs (Dagital
Versatile Disks), and/or reproduce the information recorded
on the mnformation recording regions.

Also, 1n recent years, retlection-system disks having
recording density of approximately 50 GB have been com-
mercially available even 1n consumer fields based upon the
Blu-ray Disk (will be referred to as “BD” hereinafter) stan-
dard using blue-purple semiconductor lasers, the HD DVD
(High Definition DVD) standard, and the like. On the other
hand, as to optical disks, larger storage capacities have been
expected which are comparable with storage capacities (100
GB to 1 'TB) of HDDs (Hard Disk Drives).

However, in order to realize such ultra-high density with
employment of optical disks, novel storage technologies are
required, while the novel storage technologies are different
from the conventional high density technologies by which

wavelengths of optical elements are shortened and NAs of

objective lenses are increased. As a consequence, 1n recent
years, an attention has been paid to hologram recording tech-
nologies for recording digital information by utilizing the
holography. In accordance with the hologram recording tech-
nologies, two-dimensional information can be simulta-
neously recorded/reproduced by a single hologram. Also, a
plurality of page data can be overwritten 1n the same place. As
a result, the above-described hologram recording techniques
are advantageous for a large capacity of information can be
recorded and/or reproduced 1n high speeds.

As such hologram recording technologies, a so-called
“angular multiplex recording system” (refer to, for instance,
JP-A-2004-272268) has been proposed. In the angular mul-
tiplex recording system, signal luminous fluxes are collected
by a lens onto a hologram-purpose optical disk (will be
referred to as “hologram disk™ hereinafter), and at the same
time, reference light of collimated luminous fluxes are irra-
diated so as to be caused to interfere with the signal luminous
fluxes 1n order to perform hologram recording, and moreover,
different page data are displayed on a spatial light modulator
so as to perform multiplex recording while an incident angle
of the reference light with respect to the hologram disk 1s
changed.

Also, another hologram recording technique using a shift
multiplexing system (refer to, for example, W0O2004-
102542) has been proposed. In the shift multiplexing system,
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2

while light from pixels of an inner side 1n a single spatial light
modulator 1s employed as signal light and light from ring
belt-shaped pixels of an outer side thereof 1s employed as
reference light, both the luminous fluxes are collected onto a
hologram disk by the same lens, and the signal light 1s caused

to interfere with the reference light in the vicinity of a focal
plane of the lens so as to record a hologram.

DISCLOSURE OF THE INVENTION

In the case that information 1s recorded on a hologram disk,
while this information 1s segmented every predetermined
unmt, two-dimensional information (will be referred to as
“page’” hereinafter) such as, for example, two-dimensional
bar code 1s sequentially produced based upon the information
segmented 1n the predetermined unit, and data of this page 1s
optically recorded on the hologram disk. Then, 1n the angular
multiplex recording system, the data of such a page 1s opti-
cally recorded on the same place of the hologram disk while
an angle 1s changed.

However, in the case that information i1s recorded on a
hologram disk based upon such an angular multiplex record-
ing system, 11 an incident angle of reference light with respect
to the hologram disk 1s shifted from a predetermined angle,
then the below-mentioned problem occurs. That 1s, when the
above-described page and another page located adjacent to
this page along the shift direction, crosstalk produced from
the adjoining page 1s increased, so that reproduction informa-
tion having superior qualities cannot be obtained. Thus, the
larger a total number of pages to be recorded by the angular
multiplexing method 1s increased, the more serious such a

problem becomes.
It should be noted that JP-A-2007-65138, JP-A-2007-

66376, and JP-A-2007-66377 publications disclose the
below-mentioned methods: That 1s, 1n the case that the angu-
lar multiplex recording system is applied to a hologram disk,
when data of respective pages are recorded on the hologram
disk with being physically located adjacent to each other,
regions called as black guards are provided among regions
thereof for recording these pages. Then, 1n accordance with
the above-described methods, it 1s possible to prevent occur-
rences of crosstalk among the pages recorded on the holo-
gram disk with being physically located adjacent to each
other. However, as previously described, 1t 1s not possible to
prevent occurrences of crosstalk among the adjacent pages
recorded by the angular multiplexing method.

The present invention has been made to solve the above-
described problems, and therefore, 1s to propose an optical
information recording device and an optical information
recording method, capable of obtaining reproduction infor-
mation having superior qualities.

In order to solve the above-described problems, an optical
information recording device for angle-multiplexing data for
a plurality of pages to record the angle-multiplexed data on
the same recording region of a hologram disk, according to
the present 1nvention, 1s featured by comprising: a signal
producing unit for sequentially dividing mput data in a pre-
determined unit so as to sequentially produce data of respec-
tive pages, and for performing an inter-page coding process
by which the plurality of pages to be recorded on the same
recording region are divided into a plurality ol page groups in
order that pages which are recorded adjacent to each other by
being angle-multiplexed do not belong to the same page
group, and an inter-page error correction code 1s separately
calculated for each of the page groups and the calculated
inter-page error correction code 1s added thereto; and an
optical pickup for angle-multiplexing the data of the plural
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pages to which the inter-page coding process has been per-
formed so as to record the angle-multiplexed data on the
hologram disk.

Also, an optical information recording method for angle-
multiplexing data for a plurality of pages to record the angle-
multiplexed data on the same recording region of a hologram
disk, according to the present invention, 1s featured by com-
prising: a {irst step for sequentially dividing mput data in a
predetermined unit so as to sequentially produce data of
respective pages, and for performing an inter-page coding
process by which the plurality of pages to be recorded on the
same recording region are divided into a plurality of page
groups 1n order that pages which are recorded adjacent to each
other by being angle-multiplexed do not belong to the same
page group, and an inter-page error correction code 1s sepa-
rately calculated for each of the page groups and the calcu-
lated 1inter-page error correction code 1s added thereto; and a
second step for angle-multiplexing the data of the plural
pages to which the inter-page coding process has been per-
formed so as to record the angle-multiplexed data on the
hologram disk.

In accordance with the present mvention, the adjoiming
pages recorded on the same recording region of the hologram
disk 1n the angular multiplexing manner are divided into the
separate page groups, and the inter-page error correction
codes are calculated. As a result, the error bits are dispersed.,
so that the correction capability can be improved. As a con-
sequence, the reproduction information having the superior
qualities can be obtained.

Other objects, features and advantages of the present
invention may become apparent from the below-mentioned
descriptions of embodiments of the present invention related
to accompanying drawings.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Referring to drawings, a detailed description 1s made of an
embodiment of the present invention.

(1) Arrangement of Optical Information
Recording/Reproducing Device According to Present
Embodiment

In FI1G. 1, reference numeral 1 shows an optical informa-
tion recording/reproducing device as an entire system,
according to the present embodiment. While the optical infor-
mation recording/reproducing device 1 1s equipped with an
optical pickup 2, a phase conjugate optical system 3, a disk
cure optical system 4, a disk rotation angle detecting-purpose
optical system 3, and a rotation motor 6, this optical informa-
tion recording/reproducing device 1 1s arranged 1n that a
mounted hologram disk 7 can be rotated by the rotation motor
6.

The optical pickup 2 projects reference light and signal
light to the hologram disk 7 so as to record thereon digital
information by utilizing the holography. In this case, an infor-
mation signal to be recorded has been produced by perform-
ing a predetermined signal process (namely, modulating pro-
cess and adding process of error correction code) in a signal
producing circuit 9 with respect to digital information applied
from a host appliance (not shown) to a controller 8. An optical
beam emitted from a laser light source 20 (refer to F1G. 2, wall
be discussed later) provided in the optical pickup 2 1s modu-
lated 1n a spatial light modulating manner by a spatial light
modulator 29 (refer to FIG. 2) based up this information
signal, so that signal light 1s produced. Irradiation times of the

10

15

20

25

30

35

40

45

50

55

60

65

4

reference light and the signal light, which are irradiated to the
hologram disk 7, can be adjusted by controlling open/close
times of a shutter 22 (refer to FIG. 2, will be discussed later)
by the controller 8 via a shutter control circuit 10.

In the case that information recorded on the hologram disk
7 1s reproduced, phase conjugate light of the reference light
emitted from the optical pickup 2 1s produced by the phase
conjugate optical system 3. In this case, the phase conjugate
light implies a light wave traveled along an opposite direc-
tion, while the same wavelront of input light 1s maintained.
Reproduction light to be reproduced by this phase conjugate
light 1s detected by a photodetector 42 (refer to FIG. 2, will be
discussed later) provided in the optical pickup 2. At this time,
a reproducing process (demodulating process, error correct-
Ing process etc. ) 1s performed 1n a signal processing circuit 11
with respect to a light detection signal outputted from a pho-
todetector 218. Then, the information having the original
format obtained in the above-described manner 1s outputted
by the controller 8 to the host.

In order to execute the above-described recording opera-
tion and reproducing operation over one circumierence of the
hologram disk 7, the hologram disk 7 1s rotated by the rotation
motor 6. In order that suflicient optical energy 1s obtained so
as to record information on the hologram disk 7 under stable
condition, when the information 1s recorded and reproduced,
it 1s desirable that the hologram disk 7 i1s under stationary
state. As a consequence, 1n the present embodiment, a stepper
motor capable of stably performing rotating-to-standstill
operations of the hologram disk 7 1s employed as the rotation
motor 6.

The disk cure optical system 4 produces optical beams
which are employed in both a pre-cure process and a post-
cure process of the hologram disk 7. In this case, the pre-cure
implies a pre-stage in which when information 1s recorded on
a desirable position of the hologram disk 7, a predetermined
optical beam 1s previously rradiated onto this desirable posi-
tion before reference light and signal light are irradiated
thereto. Also, the post-cure implies a post-stage 1n which after
information has been recorded on a desirable position within
the hologram disk 7, a predetermined light beam 1s 1rradiated
onto the desirable position 1n order that information cannot be
additionally written thereinto.

The disk rotation angle detecting-purpose optical system 5
1s employed 1n order to detect rotation angles of the hologram
disk 7. In the case that the hologram disk 7 1s adjusted to a
predetermined rotation angle, the disk rotation angle detect-
ing-purpose optical system 3 detects signals 1n response to
rotation angles of the hologram disk 7, and then, the rotation
angles of the hologram disk 7 are controlled via a disk rotation
motor control circuit 12 by the controller 8 with employment
of the detected signals.

While the optical pickup 2, the disk cure optical system 4,
and the disk rotation angle detecting-purpose optical system
5 contain therein individual light sources, predetermined light
source driving currents are supplied from a light source driv-
ing circuit 13 to the respective light sources. As a result, the
respective light sources can emit optical beams with prede-
termined light amounts.

Also, while the optical pickup 2, the phase conjugate opti-
cal system 3, and the disk cure optical system 4 have been
held by mechamisms capable of sliding positions thereof
along a radial direction of the hologram disk 7, positional
controls of the optical pickup 2, the phase conjugate optical
system 3, and the disk cure optical system 4 are carried outvia
an access control circuit 14. Then, recording and reproducing
operations can be carried out based upon the positional con-
trols.




US 9,025,425 B2

S

On the other hand, since the recording technologies using,
the holography are such techniques capable of recording
information in ultrahigh density, there 1s such a trend that, for
instance, tolerable errors with respect to inclinations and
positional shifts of the hologram disk 7 become very small.
As a result, for example, a mechanism for detecting shift
amounts of shift factors such as the inclinations and positional
shifts of the hologram disk 7, whose tolerable errors are small,
may be provided in the optical pickup 2; a servo control-
purpose signal may be produced by a servo signal producing,
circuit 15; and a servo mechanism for correcting the above-
described shift amounts via a servo control circuit 16 may be
provided in the optical mformation recording/reproducing
device 1. Alternatively, 1n order to achieve a compactness of
the optical information recording/reproducing device 1, as to
the optical pickup 2, the phase conjugate optical system 3, the
disk cure optical system 4, and the disk rotation angle detect-
ing-purpose optical system 5, either some of these optical
system structures or all the optical system structures may be
collected with each other for the sake of simple structures.

FI1G. 2 shows a concrete structure of the optical pickup 2. In
this optical pickup 2, a light beam emitted from a laser light
source 20 1s entered via a collimate lens 21 to a shutter 22.
When the shutter 22 1s opened, after the light beam has passed
through the shutter 22, a polarization direction of the light
beam 1s controlled by an optical element 23 constituted by, for
example, a 2-wavelength plate and the like 1n such a manner
that a light amount ratio of P-polarized light to S-polarized
light becomes a desirable ratio, and thereatter, the polarized
light beams are entered to a PBS prism 24. A light beam
diameter of a light beam penetrated through the PBS prism 24
1s expanded by a beam expander 25, and thereafter, 1s con-
ducted via a phase mask 26, a relay lens 27, and a PBS prism
28 to a spatial light modulator 29. The spatial light modulator
29 modulates the light beam 1n a spatial light modulating
manner based upon an information signal supplied from the
signal producing circuit 9 (FIG. 1). Then, as a result, the
modulated signal light 1s entered via a spatial filter 31
between relay lenses 30 to an objective lens 32, and 1s col-
lected onto the hologram disk 7 by this objective lens 32.

Also, a light beam reflected on the PBS prism 24 1s setto a
predetermined polarizing direction by a polarizing direction
converting element 33 1n response to either recording opera-
tion or reproducing operation, and thereatter, 1s entered via
mirrors 34 and 35 to a galvanometer mirror 36. Then, reflec-
tion light on this galvanometer mirror 36 1s entered as refer-
ence light via a lens 38 and an objective lens 39 to the holo-
gram disk 7. In this case, while the galvanometer mirror 36 1s
such a mirror which can be rotated by an actuator 37, an
incident angle of the reference light with respect to the holo-
gram disk 7 can be set to a desirable angle by this mirror
rotation.

As previously described, since the signal light and the
reference light are entered onto the hologram disk 7 1n such a
manner that the signal light 1s overlapped with the reference
light, an interference fringe pattern 1s formed within the holo-
gram disk 7, and this pattern 1s written 1n an information
recording region in order to record information. Also, since an
incident angle of a reference light beam entered to the holo-
gram disk 7 can be changed by rotating the galvanometer
mirror 36, recording operation by the angular multiplexing,
manner can be carried out.

In the case that information recorded on the hologram disk
7 1s reproduced, only reference light 1s entered onto the holo-
gram disk 7, and the reference light passed through the holo-
gram disk 7 1s retlected by a galvanometer mirror 40 of the
phase conjugate optical system 3, so that phase conjugate
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light thereof 1s produced. It should be noted that the galva-
nometer mirror 40 1s held by an actuator 41 1n a freely rotat-
able manner. The reproduction light produced by this phase
conjugate light 1s entered via the objective lens 32 and the
spatial filter 31 between the relay lenses 30 to the PBS prism
28, and 1s reflected on this PBS prism 28, and then, 1s entered
to a photodetector 42. Thus, an output of this photodetector 42
1s supplied to the signal processing circuit 11 (FI1G. 1) so as to
be reproduce-processed.

FIG. 3 to FIG. 5 show operation tlows of recording/repro-
ducing processes 1n the optical information recording/repro-
ducing device 1. In this case, more specifically, a description
1s made of recording/reproducing operations with respect to
the hologram disk 7.

FIG. 3 shows a tlow of recording/reproducing preparation
processes after the hologram disk 7 1s inserted to the optical
information recording/reproducing device 1 until either a
recording preparation or a reproducing preparation 1s accom-
plished; FIG. 4 indicates a flow of a recording process from
the preparation accomplish situation until mmformation 1s
recorded on the hologram disk 7; and FI1G. 5 represents a tlow
of a reproducing process from the preparation accomplish
situation until information recorded on the hologram disk 7 1s
reproduced.

As shown 1n FIG. 3, 1f an optical disk 1s inserted (SP 1),
then the optical information recording/reproducing device 1
performs a disk judgement for judging, for instance, the
inserted optical disk corresponds to an optical disk (hologram
disk 7) for recording, or reproducing digital information by
utilizing the holography (SP 2).

As aresult of the disk judgement, when i1t 1s judged that the
inserted optical disk 1s the hologram disk 7, the optical infor-
mation recording/reproducing device 1 reads out control data
provided 1n this hologram disk 7, and acquires, for example,
information related to this optical disk, and also, for instance,
information related to various sorts of setting conditions dur-
ing either recording operation or reproducing operation (SP
3).

When the optical mformation recording/reproducing
device 1 has accomplished to read the above-described con-
trol data, the optical information recording/reproducing
device 1 performs various sorts of adjustments 1n response to
the control data, and a learning process related to the optical
pickup 2 (FIG. 1) (SP 4), so that either the recording prepa-
ration or the reproducing preparation 1s accomplished (SP §).

The operation tlow from the preparation accomplish situ-
ation until information 1s recorded 1s indicated i FIG. 4. In
other words, the optical information recording/reproducing
device 1 firstly receives data to be recorded, and supplies
information responding to the received data to a spatial light
modulator 46 (FIG. 2) provided 1n the optical pickup 2 (SP
10).

Thereatter, the optical information recording/reproducing
device 1 performs various sorts of learning processes 1n
advance, 11 necessary, 1n order that information having high
qualities can be recorded on the hologram disk 7 (SP 11), and
while a seek operation and an address reproduction are
repeatedly carried out, the optical information recording/re-
producing device 1 arranges positions of the optical pickup 2
and the disk cure optical system 4 to predetermined positions
of the hologram disk 7 (SP 12 and SP 13).

Next, the optical information recording/reproducing
device 1 performs a pre-cure process for pre-curing a prede-
termined region by employing an optical beam emitted from
the disk cure optical system 4 (SP 14), and thereatter, records
data by employing reference light and signal light emaitted
from the optical pickup 2 (SP 15). In this case, 1n the optical
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information recording/reproducing device 1 according to the
present embodiment, data for a plurality of pages are recorded
on a recording region for a 1 page on the hologram disk 7 1n
accordance with the angular multiplexing recording system.

After the data has been recorded, the optical information
recording/reproducing device 1 verfies the data, i necessary
(SP 16), and performs a post-cure process for post-curing by
employing an optical beam emitted from the disk cure optical

system 4 (SP 17).

The operation flow from the preparation accomplish situ-
ation until recorded information 1s reproduced is represented
in FIG. 5. In other words, the optical information recording/
reproducing device 1 performs various sorts of learning pro-
cesses 1n advance, 1f necessary, 1 order that information
having high qualities can be reproduced from the hologram
disk 7 (SP 20). Thereafter, while a seek operation and an
address reproduction are repeatedly carried out, the optical
information recording/reproducing device 1 arranges posi-
tions of the optical pickup 2 and the phase conjugate optical
system 3 to predetermined positions of the hologram disk 7
(SP 21 and SP 22).

Thereatfter, the optical information recording/reproducing
device 1 emits reference light from the optical pickup 2 so as

to read out information recorded on the hologram disk 7 (SP
23).

(2) Information Signal Producing Process in Signal
Producing Circuit

(2-1) Flows of Information Signal Producing Process and
Concrete Arrangement of Signal Producing Circuit

Next, a description 1s made of an information signal pro-
ducing process executed in the above-described signal pro-
ducing circuit 9 shown in FIG. 1. It 1s assumed 1n the below-
mentioned descriptions that respective pages to be recorded
in a recording region for 1 page on the hologram disk 7 by the
angular multiple recording system will be referred to as a
“block™ 1n a collection manner. Also, 1n the present embodi-
ment, 1t 1s assumed that such a recording system has been
employed. That 1s, after data for a 1 block have been recorded
in a single region on the hologram disk 7 by the angular
multiplex recording system, the recording operation 1s
advanced to a next region so as to similarly record data 1n the
next region (will be referred to as “stop and go system”
hereinatfter).

In the optical information recording/reproducing device 1
according to the present embodiment, as previously
described, with respect to the digital information supplied
from the host, the signal producing circuit 9 performs such
information signal producing processes as an intra-page cod-
ing process and an inter-page coding process. As one of the
teatures of the optical information recording/reproducing
device 1, when the 1nter-page coding process 1s carried out,
the inter-page coding process 1s separately performed every
even pages and odd pages.

FIG. 6 shows a tlow series of such an information signal
producing process executed 1n the signal producing unit 9. As
indicated 1 FIG. 6, the signal producing umt 9 produces a
page (data page) 50D by sequentially dividing mput data
supplied from the host via the controller 8 based upon a
predetermined data unit, and collects a predetermined num-
ber of the produced pages 50D so as to sequentially produce
a block 51 (SP 30).

Next, since the signal producing unit 9 performs a prede-
termined intra-page coding process with respect to each of the
pages 30D within the block 51 produced in the above-de-
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scribed manner, an intra-page error correction code “PXY1s
added to each of these pages 50D (SP 31).

Subsequently, the signal producing unit 9 divides the
respective pages 50D within one block 51 into even pages
whose page numbers are even and odd pages whose page
numbers are odd; and since the signal producing circuit 9
separately performs a predetermined inter-page coding pro-
cess with respect to an even page group 31E made of the even
pages and an odd page group 510 made of the odd pages, a
parity page 50P constructed of inter-page error correction
code data 1s added into the even page group 51E and the odd
page group 310 (SP 32).

Thereatter, as to the block 51 constituted by the even page
group S1E and the odd page group 510 to which the inter-
page coding processes have been performed 1n the above-
described manner, the signal producing unit 9 performs a
modulating process and an adding process of a synchronous
code with respect to each page (data page S0D and parity page
50P) belonging to this block 51 (SP 33), and transiers
acquired recording information to the optical pickup 2 (FIG.
1) so as to record the acquired recording information on the
hologram disk 7 (SP 34).

FIG. 7 shows a concrete arrangement of the signal produc-
ing circuit 9 which performs such a series of information
signal producing processes. As apparent also from FI1G. 7, the
signal producing circuit 9 1s arranged by a recording pattern
producing unit 60, a recording pattern producing control unit
61, a memory 62, a memory control unit 63, and an address
producing circuit 64. The recording pattern producing unit 60
produces recording patterns of respective pages which are
recorded on the hologram disk 7. The recording pattern pro-
ducing control unit 61 controls a producing process for the
recording patterns of the respective pages in the recording
pattern producing unit 60. The memory 62 1s employed by the
recording pattern producing unit 61 as a working memory.
The memory control unit 63 controls an access to the memory
62. The address producing circuit 64 produces an address of
a corresponding position on the memory 62 from positional
information of a symbol within a page. It 1s assumed 1n the
below-mentioned descriptions that 1 page 1s constructed of
“m (longitudinal direction)” pieces of symbols X “n (lateral
direction)” pieces of symbols, and 1 block 1s arranged by 21
pages.

The recording pattern producing process unit 60 1s
arranged by a data input processing unit 70, an intra-page
coding unit 71, an inter-page coding unit 71, a recording
pattern producing umt 72, and a recording pattern transierring,
unit 73. Input data “D1” supplied from the host via the con-
troller 8 1s recerved by a data input circuit 80 of the data input
processing unit 70.

Upon receipt of the input data, the data input circuit 80
sequentially divides this mput data into page data made of a
total number (mxn) of symbols for a single page, and then,
transmits the acquired page data in the unit of 1 symbol via a
data bus 75 to the memory 62. In this case, the data input
circuit 80 transmits 1ntra-page positional information to the
address producing circuit 64, while the intra-page positional
information indicates that the page data for 1 symbol being
transmitted to the memory 62 at this time corresponds to a
symbol of which position (row and column) within the page.
Also, every time the data input circuit 80 transmits the page
data for 1 symbol in combination with this intra-page posi-
tional information to the memory 62, the data input circuit 80
transmits an access request signal to the memory control
circuit 63.

When the access request signal 1s supplied from the data
input circuit 80, the memory control circuit 63 transmits an
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access permission signal to the data input circuit 80 when the
data mput circuit 80 can access the memory 62, while the
access permission signal permits the above-described access.
Also, 1n combination with the access permission signal, the
memory control circuit 63 transmits an access permission
process selecting signal to the address producing circuit 64,
and outputs a write signal to the memory 62, while the access
permission process selecting signal permits an access by the
data mput circuit 80.

Upon receipt of the access permission process selecting
signal from the memory control circuit 63, the address pro-
ducing circuit 64 produces such an address of a storage region
within the memory 62, into which the page data for 1 symbol
supplied from the data input circuit 80 should be stored based
upon the mtra-page positional information supplied from the
data input circuit 80 at this time, a count value of a page input
circuit-purpose page counter 81 supplied from this page input
circuit-purpose page counter 81 (as will be discussed later),
and a count value of a data input circuit-purpose block
counter 82 supplied from the data input circuit-purpose block
counter 82 (as will be explained later).

Concretely speaking, in the present embodiment, the stor-
age region of the memory 62 has been divided into a parity
adding process-purpose region 62A and a recording pattern
storage-purpose region 62B. Also, the parity adding process-
purpose region 62 A has been divided 1nto a plurality of block
storage regions 62AX for temporarily storing data for 1
block, and further, the block storage region 62AX has been
divided into a plurality of page storage regions 62AXY for
temporarily storing page data of respective pages belonging
to the relevant block. In addition, the recording pattern stor-
age-purpose region 62B has been divided into a plurality of
recording pattern storage regions 62BX for temporarily hold-
ing recording patterns of respective pages within the respec-
tive corresponding blocks respectively.

Then, upon receipt of the access permission process select-
ing signal from the memory control circuit 63, the address
producing circuit 64 produces addresses of positions corre-
sponding to positions (rows and columns) indicated by the
intra-page positional nformation supplied from the data
input circuit 80 in the page storage region 62AXY corre-
sponding to the count value of the page input circuit-purpose
page counter 81 within the block storage region 62AX corre-
sponding to the count value of the data input circuit-purpose
block counter 82 1n the memory 62. Then, the address pro-
ducing circuit 64 notifies the produced addresses to the
memory 62. As aresult, the page data for 1 symbol transterred
from the data mnput circuit 80 to the memory 62 at this time are
stored at the address positions notified from the address pro-
ducing circuit 64 to the memory 62 at this time.

Then, every time the data input circuit 80 transters the page
data for 1 symbol to the memory 62, the data input circuit 80
sequentially moves a position within the page indicated by the
intra-page positional information. Concretely speaking, the
relevant position 1s moved one column by one column from a
first column of a first row with the page along a row direction;
alter the relevant position reaches a last column of this row,
this position 1s moved to a first column of a next row; and
subsequently, the relevant position 1s similarly moved up to a
last column of a last row within the page. As aresult, the page
data for 1 page are stored in the corresponding block storage
region 62AX as the two-dimensional information made of the

mxn pieces ol symbols.
On the other hand, when the data put circuit 80 has
accomplished to store the page data for 1 page into the
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memory 62, the data input circuit 80 transmits a page transier
completion signal to a data input circuit-purpose page counter
81.

The data input circuit-purpose page counter 81 1s a counter
for counting a total number of pages whose data have already
been stored 1n the memory 62. While the data input circuit-
purpose page counter 81 increments the count value thereof
by “1” every time the page transfer completion signal 1s
supplied from the data input circuit 80, the data input circuit-
purpose page counter 81 notifies the present count value to the
address producing circuit 64. As a result, the page data of the
respective pages are sequentially stored 1n the different page
storage regions 62AXY within the memory 62, which corre-
spond to the count values of the data iput circuit-purpose
page counter 81, respectively. Then, when the data input
circuit-purpose page counter 81 has accomplished to count
the total number of pages belonging to 1 block, the data input
circuit-purpose page counter 81 transmits a block transfer
completion signal to a data mput circuit-purpose block
counter 82, and thereafter, resets the count value to zero.

The data mput circuit-purpose block counter 82 1s a
counter for counting a total number of blocks which have
already been stored 1n the memory 62. If new 1nput data 1s
applied, then this data input circuit-purpose block counter 82
1s reset. Therealter, while the data input circuit-purpose block
counter 82 increments the count value thereot by “1” every
time a block transfer completion signal 1s applied from the
data mput circuit-purpose page counter 81, the data input
circuit-purpose block counter 82 notifies the present count
value to the address producing circuit 64. As a result, the data
of the respective blocks are sequentially stored in the different
block storage regions 62AX within the memory 62, which
correspond to the count values of the data input circuit-pur-
pose block counter 82, respectively.

Also, the data input circuit-purpose block counter 82 also
notifies the count value to a first comparator 100.

The first comparator 100 compares the count value (corre-
sponding to total number of blocks processed by data input
processing circuit 70) of the data mnput circuit-purpose block
counter 82 notified from this data input circuit-purpose block
counter 82 with a count value (corresponding to total number
of blocks processed by intra-page coding unit 71) of an intra-
page coding circuit-purpose block counter 84 (will be dis-
cussed later), which 1s notified from this intra-page coding
circuit-purpose block counter 84 of an intra-page coding unit
(will be explained later). When the count value of the data
input circuit-purpose block counter 82 1s large, the first com-
parator 100 transmits an intra-page coding enable signal to an
intra-page coding circuit 83 of the intra-page coding unit 71.

The intra-page coding circuit 83 1s a circuit for performing
an intra-page coding process by which an error correction
code (will be referred to as “row direction parity” hereinatter)
“PX” every row, and an error correction code (will be referred
to as “column direction parity” hereinafter) “PY”™ every col-
umn respectively are calculated with respect to the page data
ol the respective pages stored 1n the memory 62, as shown 1n
FI1G. 8, and the calculated error correction codes “PX” and
“PY” are added to the data of the page. It should be under-
stood that FIG. 8 indicates the intra-page coding process as to
an “1”’th page.

This intra-page coding circuit 83 sequentially reads out
data of necessary symbols from the memory 62; calculates
either a corresponding row-direction parity “PX” or a corre-
sponding column-direction parity “PY”” based upon the read
data; and writes either the calculated row-direction parity
“PX” or the calculated column-direction parity “PY ™ into the
memory 62, so that the intra-page coding circuit 83 sequen-
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tially adds both the row-direction parity “PX” and the col-
umn-direction parity “PY” to each of the pages within the
subject block.

Actually, when the intra-page coding enable signal 1s sup-
plied form the first comparator 100, the intra-page coding
circuit 83 transmits intra-block positional information to the
address producing circuit 64, and also, an access request
signal to the memory control circuit 63, while the intra-block
positional information indicates a position (page address, row
and column) of a symbol which 1s positioned 1n a first row and
a {irst column of a first page within the subject block at this
time.

In the case that the access request signal 1s supplied from
the 1intra-page coding circuit 83, when the intra-page coding,
circuit 83 can access the memory 62, the memory control
circuit 63 transmits an access permission signal for permit-
ting this access to the intra-page coding circuit 83. At this
time, the memory control circuit 63 transmits an access per-
mission process selecting signal to an address producing cir-
cuit 64 and also a read signal to the memory 62 1n combina-
tion with the above-described access permission signal, while
the access permission process selecting signal permits the
access by the intra-page coding circuit 83.

If the access permission process selecting signal 1s sup-
plied from the memory control circuit 63, then the address
producing circuit 64 produces an address of a position corre-
sponding to both a row and a column, and notifies the pro-
duced address to the memory 62. The above-described row
and column corresponding to the position of the produced
address are indicated by intra-block positional information
supplied from the intra-page coding circuit 83 within the page
storage region 62AXY corresponding to a page address rep-
resented by the above-described intra-block positional infor-
mation supplied from the intra-page coding circuit 83 within
the block storage region 62AX which corresponds to a count
value of an intra-page coding circuit-purpose block counter
84 (will be explained later) supplied from this intra-page
coding circuit-purpose block counter 84 within the storage
region provided by the memory 62. Thus, the data for 1
symbol which have been stored 1n this address are read out
from the memory 62, and then, the read data are supplied via
the data bus 75 to the intra-page coding circuit 83.

The intra-page coding circuit 83 acquires the data for this 1
symbol and stores the acquired data, and thereatter, similarly
reads out data of all the symbols as to the first row of the first
page. Then, when the intra-page coding circuit 83 accom-
plishes to read the relevant data of all the symbols, the 1ntra-
page coding circuit 83 calculates a row-direction parity “PX”
(1t 1s assumed that row-direction parity “PX” 1s constructed of
“q” symbols) based upon these read data.

Also, the intra-page coding circuit 83 transmits the data of
the first symbol within the calculated row-direction parity
“PX” via the data bus 75 to the memory 62, and furthermore
transmits 1ntra-block positional information indicative of a
position (page address, row and column) of this first symbol
to the address producing circuit 64. Also, the intra-page cod-
ing circuit 83 transmits an access request signal to the
memory control circuit 63 in combination with this intra-
block positional information.

As a result, similar to the above-described operation for
writing the page data into the memory 62 by the data input
circuit 80, the data for 1 symbol of the row-direction parity
“PX” transmitted from the intra-page coding circuit 83 to the
memory 63 1s stored in an address position corresponding to
a row and a column 1ndicated by intra-block positional infor-
mation supplied from the intra-page coding circuit 83 within
such a block storage region 62AX corresponding to a count
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value of the intra-page coding circuit-purpose block counter
84, which 1s supplied from the intra-page coding circuit-
purpose block counter 84, within the storage regions supplied
by the memory 62, and within such a page storage region
62AY corresponding to a page address indicated by the intra-
block positional information.

Also, thereaiter, the intra-page coding circuit 83 writes
data of all the remaining symbols of this row-direction parity
“PX” 1n a similar manner to the above manner. On the other
hand, the intra-page coding circuit 83 similarly calculates
other row-direction parities “PX” and respective column-
direction parities “PY”” within this page and writes the calcu-
lated parities “PX” and “PY”” into the memory 62.

Then, when the intra-page coding process for 1 page 1s
accomplished 1n the above-described manner, the intra-page
coding circuit 83 transmits an intra-page coding completion
signal to the intra-page coding circuit-purpose block counter
84.

The ntra-page coding circuit-purpose block counter 84 1s
such a counter which counts a total number of blocks whose
intra-page coding process have been accomplished. When
new 1nput data 1s supplied, this intra-page coding circuit-
purpose block counter 84 is reset. Thereatter, every time the
intra-page coding completion signal 1s supplied from the
intra-page coding circuit 83, the intra-page coding circuit-
purpose block counter 84 increments the count value by “17,
and on the other hand, notifies the present count value to the
address producing circuit 64. As a result, the data of the
respective data are stored in the different block storage
regions 62 AX within the memory 62, which correspond to the
count values of the itra-page coding circuit-purpose block
counter 84, respectively.

Also, the mtra-page coding circuit-purpose block counter
84 also notifies the present count value to the first comparator
100 and a second comparator 101 of the recording pattern
producing process control unit 61.

The second comparator 101 compares the count value (cor-
responding to total number of blocks processed by intra-page
coding circuit 71) of the intra-page coding circuit-purpose
block counter 84 notified from this intra-page coding circuit-
purpose block counter 84 with a count value (corresponding
to total number of blocks processed by inter-page coding unit
72) of an 1ntra-page coding circuit-purpose block counter 86
(will be discussed later), which 1s notified from the inter-page
coding circuit-purpose block counter 86 of an inter-page cod-
ing unit 72 (will be explained later). When the count value of
the intra-page coding circuit-purpose block counter 84 1s
large, the second comparator 101 transmits an inter-page
coding enable signal to an inter-page coding circuit 85 of the
inter-page coding unit 72.

The iter-page coding circuit 85 1s a circuit for performing
an inter-page coding process by which an error correction
code (will be referred to as “page-direction parity” hereinat-
ter) “PZ” (F1G. 10A and FI1G. 10B) 1s calculated with respect
to a block whose mtra-page coding process has been accom-
plished based upon data of symbols in the same row and the
same column of each page belonging to this block; and the
calculated error correction codes are added to data of this
block.

When the iter-page coding enable signal 1s supplied from
the second comparator circuit 101, 1n a similar manner during
the intra-data coding process, this inter-page coding circuit 85
sequentially reads out data of necessary symbols from the
memory 62; calculates a page-direction parity “PZ” based
upon the read data; and writes the calculated page-direction
parity “PAZ” 1n the corresponding block storage region
62AX 1n the memory 62 1n a similar manner during the
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intra-data coding process, so that the page-direction parities
“PZ” are sequentially added to the subject block at this time.

In this case, in accordance with the present embodiment, as
shown 1n FIG. 9A and FIG. 9B, an execution of the below-
mentioned inter-page coding process 1s featured: That 1s, a
single block 51 (FIG. 6) 1s divided into both an even page
group S1E (FIG. 9A) made of only even pages, and an odd
page group 510 (FIG. 9B) made of only odd pages; and then,
the inter-page coding process 1s separately carried out with
respect to these even page group 51E and odd page group
510.

As a consequence, 1in the case that the inter-page coding
circuit 85 calculates a page-direction parity “PZ” as to a
certain column of a certain row, the page-direction parity
“PZ” as to the even page group S1E 1s firstly calculated; the
calculated page-direction parity “PZ” 1s wrntten 1n the
memory 62; therealter, a page-direction parity “PZ” as to the
odd page group 3510 1s calculated; and then, the calculated
page direction parity “PZ” 1s written 1n the memory 62.

For instance, as shown 1in FIG. 10A, 1n the case that the
inter-page coding circuit 85 calculates a page-direction parity
“PZ”” as to a““1”’th column of an *“O” row, the inter-page coding
circuit 85 sequentially and firstly reads data (DT (0, 0, 7)) of a
symbol 1n the “;”th column of the “O” row of a page 0, data
(DT (2, 0, 1)) of asymbol 1n the *“1”th column of the “O” row
of apage 2, - - -, data (DT (21-2, 0,7) of a symbol in the “;”’th
column of the “O” row of a page (21-2) from the memory 62
s0 as to calculate page-direction parities (page-direction pari-
ties of even page group 51E) “PZ”, and then, writes the
calculated page-direction parities “PZ” 1in the memory 62.

Thereafter, as indicated in FIG. 10B, the inter-page coding
circuit 85 sequentially reads data (DT (1,0, 1)) of a symbol 1n
the “¢”’th column of the “O” row ol apage 1, data (DT (3,0, 7))
of a symbol in the *“¢”’th column of the “O” row of a page 3, -
- -, data (DT (21-1, 0, 1)) of a symbol in the “;”’th column of
the “O” row of a page (21-1) from the memory 62 so as to
calculate page-direction parities (page-direction parities of
odd page group 510) “PZ”, and then, writes the calculated
page-direction parities “PZ” in the memory 62.

Then, the mter-page coding circuit 85 sequentially per-
forms such a process with respect to all columns of all rows
within the relevant block. As aresult, as shownin FIG. 9A and
FIG. 9B, to the even page group 51E and the odd page group
510, parity pages S0P made of only the page-direction pari-
ties “PZ” are added respectively, the total number of which 1s
equal to the symbol number of the page-direction parities PZ.

Also, when the inter-page coding circuit 85 accomplishes
the inter-page coding processes as to the subject block in the
above-described manner at this time, this inter-page coding
circuit 83 transmits an inter-page coding completion signal to
the 1inter-page coding circuit-purpose block counter 86.

The mter-page coding circuit-purpose block counter 86 1s a
counter for counting the total number of blocks to which
inter-page coding processes have been accomplished. If new
input data 1s supplied to the inter-page coding circuit-purpose
block counter 86, then this block counter 86 1s reset. There-
alter, every time the inter-page coding completion signal 1s
supplied from the inter-page coding circuit 83, the inter-page
coding circuit-purpose block counter 86 increments the count
value by “1”, and on the other hand, notifies the present count
value to the address producing circuit 64. As a consequence,
the above-explained inter-page coding process 1s sequentially
carried out as to each of the blocks in which the data have been
stored 1n the corresponding block storage region 62AX
within the memory 62.

Also, the iter-page coding circuit-purpose block counter
86 also notifies the present count value to the second com-
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parator 101 and a third comparator 102 of the recording
pattern producing process control unit 61.

The third comparator 102 compares the count value (cor-
responding to total number of blocks processed by inter-page
coding unit 72) of this inter-page coding circuit-purpose
block counter 86, which 1s notified from the inter-page coding
circuit-purpose block counter 86, with a count value (corre-
sponding to total number of blocks processed by recording
pattern producing unit 73) of a recording pattern production
block counter 88 (will be explained later), which 1s notified
from the recording pattern production block counter 88 of the
recording pattern producing unit 73. When the count value of
the 1inter-page coding circuit-purpose block counter 86
becomes large, the third comparator 102 transmits a record-
ing pattern production enable signal to a recording pattern
producing circuit 87 of the recording pattern producing unit
73.

The recording pattern producing circuit 87 1s a circuit
which produces recording patterns of respective pages within
such a block that both the intra-page coding process and the
inter-page coding process have been accomplished. When the
recording pattern production enable signal 1s supplied from
the third comparator 102, this recording pattern producing
circuit 87 reads out data of a necessary symbol from the
memory 62 1n the unit of a page 1n a similar manner to that of
the mtra-data coding process, and performs predetermined
signal processes (modulating process and adding process of
synchronous data) with respect to the data read in the unit of
the page, so that this recording pattern producing unit 87
produces a recording pattern as to this page. Also, the record-
ing pattern producing unit 87 stores the recording patterns of
the respective pages, which have been produced 1n the above-
described manner, into the corresponding recording pattern
storage regions 62BX respectively within the recording pat-
tern storage pattern storing-purpose region 62B in the
memory 62 1n a similar manner to that when the intra-page
coding process 1s performed.

Then, when the recording pattern producing circuit 87
accomplishes to produce the recording patterns of all pages
with the subject blocks, the recording pattern producing cir-
cuit 87 transmits a recording pattern production completion
signal to a recording pattern production block counter 88.

The recording pattern production block counter 88 1s a
counter for counting the total number of blocks whose record-
ing pattern producing processes have been accomplished. If
new input data 1s supplied to the recording pattern production
block counter 88, then this block counter 88 1s reset. There-
alter, every time the recording pattern production completion
signal 1s supplied from the recording pattern producing cir-
cuit, the recording pattern production block counter 88 incre-
ments the count value by “1”, and on the other hand, notifies
the present count value to the address producing circuit 64. As
a consequence, the above-explained recording pattern pro-
ducing process 1s sequentially carried out as to each of the
blocks 1n which the data have been stored 1n the correspond-
ing block storage region 62AX within the memory 62.

Also, the recording pattern production block counter 88
notifies the present count value to a fourth comparator 103
and the third comparator 102 of the recording pattern produc-
ing process control unit 61.

The fourth comparator 103 compares the count value (cor-
responding to total number of blocks processed by recording
pattern producing unit 73) of the recording pattern production
block counter 88, which 1s notified from the recording pattern
production block counter 88, with a count value (correspond-
ing to total number of blocks processed by recording pattern
transferring unit 74) of a recording pattern transier block
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counter 90 (will be explained later), which 1s notified from the
recording pattern transfer block counter 90 of a recording
pattern transierring unit 74 (will be explained later). When the
count value of the recording pattern production block counter
88 1s larger than the count value of the recording pattern
transier block counter 90, the fourth comparator 103 trans-
mits a recording pattern transier enable signal to a recording,
pattern transferring circuit 89 of the recording pattern trans-
terring unit 74.

Also, the fourth comparator 103 compares a value obtained
by subtracting the count value of the recording pattern trans-
ter block counter 90 from the count value of the recording
pattern production block counter 88 with a maximum number
(“IN”) of the recording pattern storage regions 62BX which
can be set within the recording pattern storage-purpose region
62B of the memory 61. Then, when the former count value
becomes larger than, or equal to the latter count value, the
fourth comparator 103 transmits a disable (Disable) signal to
the recording pattern producing circuit 87 in order to stop the
recording pattern producing process by this recording pattern
producing circuit 87, and on the other hand, thereafter, when
the former count value becomes smaller than the latter count
value, the fourth comparator 103 transmits a recording pat-
tern production enable signal to the recording pattern produc-
ing circuit 87 in order to restart the recording pattern produc-
ing process by this recording pattern producing circuit 87. As
previously described, 1n the present embodiment, since both
the processing situations of the recording pattern producing
unit 73 and the recording pattern transierring unit 74 are
monitored, 1t 1s possible to effectively avoid that the recording
patterns stored in the recording pattern storage-purpose
region 62B are overwritten thereto, so that the recording
patterns are deleted.

The recording pattern transferring circuit 89 1s a circuit for
transierring data of a block to the optical pickup 2 (FIG. 1), to
which the recording pattern producing process by the record-
ing pattern producing circuit 87 has been accomplished.
When the recording pattern transfer enable signal 1s supplied
from the fourth comparator 103, this recording pattern trans-
ferring circuit 89 reads out data of recording patterns of
respective pages within a subject block at this time from the
recording pattern storage-purpose region 62B of the memory
62 in a similar manner to that when the intra-data coding
process 1s performed, and then, transfers these read data to the
optical pickup 2.

Also, when the recording pattern transferring circuit 89
accomplishes to transier the data of the recording patterns as
to all pages within the subject block at this time to the optical
pickup 2, the recording pattern transierring circuit 89 trans-
fers a recording pattern transier completion signal to the
recording pattern transier block counter 90.

The recording pattern transier block counter 90 1s a counter
for counting the total number of blocks whose data transter
has been accomplished. When new mput data 1s supplied, this
recording pattern transier block counter 90 1s reset. Thereat-
ter, every time the recording pattern transier completion sig-
nal 1s supplied from the recording pattern transierring circuit
89, the recording pattern transfer block counter 90 increments
the count value by “1”, and on the other hand, notifies the
present count value to the fourth comparator 103 of the
recording pattern producing process control unit 61.

It should be noted that 1n the present embodiment, the
count value (corresponding to total number of blocks pro-
cessed by data mput processing unit 70) of the data mput
circuit-purpose block counter 82 of the data input unit 70, and
the count value (corresponding to total number of blocks
processed by recording pattern producing unit 73) of the
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recording pattern production block counter 88 of the record-
ing pattern producing unit 73 are supplied to a fifth compara-
tor 104 of the recording pattern producing process control
unit 61 respectively.

This fifth comparator 104 1s employed 1n order to avoid that
data destruction occurs 1n the memory 62, because the pro-
cess by the data input unit 70 becomes excessively fast with
respect to the processing speed of the recording pattern pro-
ducing unit 73. When a value obtained by subtracting the
count value of the recording pattern production block counter
88 from the count value of the data mput circuit-purpose
block counter 82 becomes larger than, or equal to a maximum
number (M) of the block storage regions 62AX which can be
set to the parity adding process-purpose region 62A of the
memory 62, the fifth comparator 104 transmits a disable
(D1sable) signal to the data mput circuit 80.

As a consequence, when the data mput circuit 80 receives
this disable signal, the data input unit 80 stops the process for
writing the mput data from the host into the memory 62, and
transmits a data transier interrupt request for requesting an
interruption of the data transier with respect to this host.
(2-2) Arrangement of Inter-Page Coding Circuit

Next, referring to FIG. 11, FIG. 12, and FIG. 13 (namely,
partially enlarged view of FIG. 12), a description 1s made of
a concrete arrangement and a concrete operation of the inter-
page coding circuit 85.

While the inter-page coding circuit 85 1s equipped with a
process start signal producing circuit 110 at an input stage
thereof, the inter-page coding circuit 85 inputs an inter-page
coding enable signal “S1” supplied from the second compara-
tor 101 of the recording pattern producing process control
unit 61 to this process start signal producing circuit 110.

Upon receipt of the inter-page coding enable signal “S1”
supplied from the second comparator 101 of the recording
pattern producing process control unit 61, the process start
signal producing circuit 110 transmits a process start trigger
signal “S2” as indicated in FI1G. 12(A) and FIG. 13(A), which
rises in a pulse form at this timing, to a page address counter
initial value setting circuit 111, a page counter initializing-
purpose OR circuit 112, a row counter mitializing-purpose
OR circuit 113, a column counter mitializing-purpose OR
circuit 114, and an access command producing circuit 118.

When the process start trigger signal “S2” 1s supplied to the
page address counter 1nitial value setting circuit 111, this
page address counter initial value setting circuit 111 outputs
a page address counter initial value signal “S3” which desig-
nates a page from which data reading is started to both a page
address counter 115 and an inter-page coding completion
signal producing circuit 120. In the case of the present
embodiment, as previously explained, since the inter-page
coding process 1s separately carried out with respect to the
even page group S1E (FIG. 9A) and the odd page group 510
(F1G. 9B) as to a single block, the page address counter initial
value setting circuit 111 outputs “0” when the inter-page
coding process 1s performed for the even page group 51E, and
outputs “1” when the inter-page coding process 1s performed
for the odd page group 510, as shown 1n FIG. 12(B) and FIG.
13(B), as a value of the page address counter initial value
signal “S3.”

The page address counter 115 15 a counter for counting a
page address (number) of a page which should be processed
by the inter-data coding process at this time. The page address
counter 115 sets the page address counter 1nitial value signal
“S3” supplied from the page address counter initial value
setting circuit 111 as an initial value, and thereatter, counts up
its count value by every 2 values (FI1G. 12(C) and FI1G. 13(C))

every time an access permission signal “S13” (will be dis-
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cussed later) 1s supplied from the memory control circuit 63
(namely, every time data for 1 symbol are read out from
memory 62, or page-direction parities for 1 symbol are writ-
ten 1n memory 62). As a consequence, when the even page
group 51E 1s processed as the subject, the page address
counter 115 sets “0” as the 1nitial value and thereafter counts
up its count value by every 2 values, whereas when the odd
page group 510 1s processed as the subject, the page address
counter 115 sets “1”” as the itial value and thereaiter counts
up its count value by every 2 values.

Also, when the own count value of the page address
counter 115 reaches a predetermined number of pages as to
both the even page group S1E and the odd page group 510
(namely, number calculated by adding total number of data
pages 50D (reter to FIG. 9A and FIG. 9B) 1n even page group
510 to total number pages for parity pages S0P (refer to FIG.
9A and FIG. 9B), the page address counter 115 transmuits a
page group completion signal “S4” which rises 1 a pulse
form at the timing thereof to both the page address counter

initializing-purpose OR circuit 112 and the page counter 1ni-
tial value setting circuit 111.

As a consequence, as shown in FIG. 12(E) and FIG. 13(E),
a page counter 1nitializing signal “S35”” which rises 1n a pulse
form every time the page group completion signal 1s output-
ted (namely, every time page address counter 115 accom-
plishes to count predetermined number of pages as to even
page group S1E and odd page group 510) 1s supplied from the
page address counter 1mitializing-purpose OR circuit 112 to
the page address counter 115.

Then, every time this page counter mitializing signal “S5”
rises, the page address counter 115 nitializes the count value
(refer to FIG. 12(C) and FIG. 13(C)). Also, when the page
group completion signal “S4” rises, as previously explained,
the page address counter imitial value setting circuit 111
switches the value of the page address counter 1nitial value
signal “S3” from “0” to *“1”, or from “1” to *0.”

On the other hand, the page address counter 115 transmits
to the row address counter 116, such a page direction comple-
tion signal “S6” as shown 1n FIG. 12(D) and FIG. 13(D),
which rises 1n a pulse form every time the inter-page coding,
processes for the even page group S1E and the odd page group
510 1n a single column of a single row are accomplished.

The row address counter 116 1s a counter for counting a
total number of such a row which should be processed based
upon the inter-page coding process at this time on a page
(page having same page address as count value of page
address counter 115) as a subject at this time. During an initial
stage, this row address counter 116 resets the count value 1n
response to the process start trigger signal “S2” supplied from
the process start signal producing circuit 110 to the row
counter 1mtializing-purpose OR circuit 113 based upon the
row counter imitializing signal “S5” outputted from this row
counter mitializing-purpose OR circuit 113. Then, thereaftter,
every time a page direction completion signal “S6” supplied
from the page address counter 115 rises, the row address
counter 116 increments the count value by “1” (counts up by
“1”) as indicated 1n FIG. 12(F) and FIG. 13(F).

Also, the row address counter 116 transmits a row direction
completion signal “S7” as shown 1n FIG. 12(G) and FIG.
13(G) to the row address counter-purpose OR circuit 113 and
the column address counter 117, while the row direction
completion signal “S7” rises 1n a pulse form at such a timing
that the count value reaches a predetermined number of rows
of a 1 page. As aresult, based upon this row direction comple-
tion signal “S7”, such a row address counter initializing sig-
nal “S8” as shown 1n FIG. 12(H) and FIG. 13(H) 1s supplied

from the row address counter-purpose OR circuit 113 to the
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row address counter 116 at the timing when the count value of
the row address counter 116 reaches the total row number of
1 page. Then, the row address counter 116 initializes the
count value every time this row counter initializing signal
“S8” 1s supplied. As a result, the row address counter 116 1s
reset every time the row address counter 116 counts numeral
value of the total row number of the 1 page.

The column address counter 117 1s a counter for counting,
a column 1 which a symbol 1s present, while this symbol
should be processed by the inter-data coding process in a
corresponding row (same row as count value of row address
counter 116) of a corresponding page (page of same page
address as count value of page address counter 115). During
an 1nitial stage, this column address counter 117 resets the
count value in response to the process start trigger signal “S2”
supplied form the process start signal producing circuit 110
based upon the column counter mnitializing signal outputted
from the column counter initializing-purpose OR circuit 114.
Then, thereatter, every time a row direction completion signal
“S7” supplied from the row address counter 116 1s supplied,

the column address counter 117 increments the count value
by “1”” (counts up by “17) as indicated In FIG. 12(I) and FIG.
13(I).

Also, the column address counter 117 transmits a column
direction completion signal “S9” as shown 1n FIG. 12(J) and
FIG. 13(J) to the column address counter-purpose OR circuit
114 and an inter-page coding completion signal producing
circuit 120, while the column direction completion signal
“S9” r1ses 1n a pulse form at such a timing that the count value
reaches a predetermined number of columns ofa 1 page. Asa
result, based upon this column direction completion signal
“S9”, such a column address counter initializing signal “S10”
as shown 1n FIG. 12(K) and FIG. 13(K) 1s supplied from the
column address counter-purpose OR circuit 10 to the column
address counter 117. Also, the column address counter 117
initializes the count value every time this column counter
initializing signal “S10” 1s supplied. As a result, the column
address counter 117 1s reset every time the column address
counter 117 counts the numeral value of the total column
number of the 1 page.

On the other hand, each of the respective count values of
the page address counter 115, the row address counter 116,
and the column address counter 117 1s supplied as an access
address signal “S11” to an access command producing circuit
118.

When the process start trigger signal “S2” 1s supplied from
the process start signal producing circuit 110, the access
command producing circuit 118 transmits an access request
signal “S12” to the memory control umt 63 (FIG. 7). On the
other hand, as the result of the access request signal “S127,
when an access permission signal “S13” 1s supplied from the
memory control circuit 63, the access command producing
circuit 118 produces an intra-block positional imnformation
signal “S14” (corresponding to above-described intra-block
positional information), and then transmits this produced
intra-block positional information signal “S14” to the address
producing circuit 118. In the above-described intra-block
positional information signal *“S14”, present count values of
the page address counter 115, the row address counter 116,
and the column address counter 117, which are recognized
based upon the access address signal “S11”, are defined as a
page address, a row number, and a column number, respec-
tively. Also, the access command circuit 118 sequentially
stores data for 1 symbol read out from the corresponding
position, transmitted via the data bus 75 (FIG. 7) from the
memory 62 as this result.
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Then, the access command circuit 118 repeatedly performs
a similar process operation until the access command circuit
118 has acquired data of symbols, the total number of which
1s equal to the unit number of the mter-page coding process
(namely, total number obtained by adding total page number
of data page 50D (FIG. 6) within odd page group 510 and
even page group S1E to total page number of parity page 50P
(FIG. 6) within odd page group 510 and even page group
51E). Then, 1f the access command circuit 118 finally
acquires the data of the symbols whose total number 1s equal
to the umit number of the mter-page coding process, then the
access command circuit 118 collects the data of these sym-
bols to each other, and transmits the collected data to an error
correction code calculating circuit 119 as page-direction par-
ity calculation-purpose data “S15.”

When the page-direction parity calculation-purpose data
“S15”1s supplied from the access command producing circuit
118, the error correction code calculating circuit 119 calcu-
lates a page-direction parity “PZ” (FIG. 10A, FIG. 10B)
based upon this page-direction parity calculation-purpose
data “S15” (refer to FIG. 12(L) and FIG. 13(L)), and trans-
mits the obtained page-direction parity “PZ” to the access
command producing circuit 118. It should also be noted that
the error correction coding calculation circuit 119 transmits a
parity calculation situation signal “S16” for indicating
whether or not the page-direction parity 1s presently being
calculated to the access command producing circuit 118.

When the access command producing circuit 118 recog-
nizes based upon the parity calculation situation signal “S16”
that the calculation of the page-direction parity “PZ” by the
error correction code calculating circuit 119 1s accomplished,
the access command producing circuit 118 subsequently
receives the page-direction parity “PZ” supplied from the
error correction code calculating unit 119, and transmaits an
access request “S12” constructed of a data writing request to
the memory control circuit 63. Then, as a result, when the
access permission signal “S13” 1s supplied from the memory
control circuit 63, the access command producing circuit 118
transmits this page-direction parity “PZ” only for 1 symbol to
the memory 62 via the data bus 75, and transmits the intra-
block positional information “S14” to the address producing,
circuit 64, while the intra-block positional information “S14”
represents the page address, the row number, and the column
number expressed by the access address signal “S11.” As a
result, the page-direction parities “PZ” for 1 symbol are
stored 1n the corresponding block storage region 62AX
within the memory 62. Thereaftter, the access command pro-
ducing circuit 118 similarly stores in the memory 62, data of
remaining symbols of the page-direction parities “PZ” calcu-
lated 1n the error correction code calculating circuit 119 at this
time.

Moreover, the access command producing circuit 118
repeatedly performs such a process until the inter-data coding,
process for the even page group S1E and the odd page group
510, which constitute subjects at this time, 1s accomplished.
As a result, the page-direction parities “PZ” for the block as
the subject at this time are sequentially transmitted, and then,
are sequentially stored in the memory 62.

On the other hand, 11 a column direction completion signal
“S9” 15 supplied from the column address counter 117 under
such a situation that the value of the page address counter
initial value signal “S3” supplied from the page address
counter 1nitial value setting circuit 111 1s “17°, the inter-page
coding completion signal producing circuit 120 transmits an
inter-page coding completion signal “S17” as shown 1n FIG.
12(M) and FIG. 13(M) to the inter-page coding circuit-pur-
pose block counter 86 (FIG. 7), as previously explained. As a
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result, as previously explained, the count value of the inter-
page coding circuit-purpose block counter 86 1s incremented
by “1.”

Also, the 1ter-page coding completion signal producing
circuit 120 transmits the above-described inter-page coding
completion signal “S17” to the process start signal producing
circuit 110. When the inter-page coding completion signal
“S17” 1s supplied under such a situation that the inter-page
coding enable signal *“S1” 1s supplied from the second com-
parator 101, the process start signal producing circuit 110
transmits the process start trigger signal “S2.” As a result, an
inter-page coding process 1s commenced with respect to a
next block.

It should be noted that a concrete arrangement of the pro-
cess start signal producing circuit 110 1s represented in FIG.
14. As apparent also from FIG. 14 the process start signal
producing circuit 110 1s arranged by first and second D {flip-
flop circuits 130 and 131; first and second AND circuit 132;
and an OR circuit 134.

Then, the inter-page coding enable signal “S17” 1s supplied
to the first D flip-flop circuit 130, an output of the first D
tlip-flop circuit 130 1s mverted, and the inverted output 1s
supplied to an input terminal of the first AND circuit 132.
Also, as shown 1 FIG. 15 (A), such an inter-page coding
enable signal “S1” 1s supplied to the other input terminal of
the first AND circuit 132, while this inter-page coding enable
signal “S1” rises to a high level 1n a time period (time 1nstant
“t1” to time 1nstant “t6”) during which the coding process by
the intra-page coding unit (FI1G. 7) progresses rather than the
coding process by the inter-page coding unit 72 (FI1G. 7) by at
least 1 block. As a result, a first AND output signal “S20”
which rises 1 a pulse form at rising timing (time nstants “t1”
and “t7”) of the iter-page coding enable signal “S1” 1s out-
putted from the first AND circuit 132, and then, this first AND
output signal “S20” 1s supplied to one 1mput terminal of the
OR circuit 134.

Also, the inter-page coding completion signal “S17” from
the inter-page coding completion signal producing circuit
120 1s supplied to the second D flip-tlop circuit 131, and an
output of this second D flip-flop circuit 131 1s supplied to one
input terminal of the second AND circuit 133. Also, as indi-
cated 1n FIG. 15(B), such an inter-page coding completion
signal “S17” which rises 1n a pulse form every time the
inter-page coding process of 1 block 1s accomplished 1s sup-
plied to the other input terminal of the second AND circuit
133. As a result, a second AND output signal “S21” 1s out-
putted from the second AND circuit 133, while the second
AND output signal “S21” rises at such a timing (namely,
timing at which inter-page coding unit 72 has accomplished
inter-page coding process for 1 block under such a situation
that coding process by intra-page coding unit 71 progresses
rather than coding process by inter-page coding umt 72 by
more than 1 block) that the inter-page coding completion
signal “S17” rises under such a situation that the inter-page
coding enable signal “S1” has risen. Then, this second AND
output signal “S21” 1s supplied to the other input terminal of
the OR circuit 134.

As a consequence, the OR circuit 134 outputs such a pro-
cess start trigger signal “S2” (shown 1n FIG. 15(C)) which
rises at timing when both the first AND output signal “S20”
supplied from the first AND circuit 132 and the second AND
output signal “S21” supplied from the second AND circuit
133 have risen in high levels.

In this case, the above-described process start trigger signal
“S2” sequentially rises at timing (time instants t2, 13, t4, t5,
and t8) that the inter-page coding process of 1 block 1s accom-
plished when the intra-page coding process by the intra-page
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coding unit 71 progresses rather than the inter-page coding
process by the inter-page coding unit 72 by more than 1 block.
However, at a stage that the inter-page coding process has
reached the intra-page coding process (namely, situation that
inter-page coding enable signal 1s 1n a low level: time nstant
“t6”"), since the process start trigger signal “S2” dose not rise,
it 1s possible to effectively avoid that the iter-page coding
process surpasses the intra-page coding process.

FIG. 16 shows an outline of a flow of inter-page coding
process operation executed 1n the inter-page coding circuit 85
arranged 1n the above-described manner.

This inter-page coding circuit 85 waits that either the inter-
page coding enable symbol “S1” supplied from the second
comparator 101 (FIG. 7) or the iter-page coding completion
signal “S17” supplied from the inter-page coding completion
signal producing circuit 120 1s applied to the process start
signal producing circuit 110 (SP 40); and when either inter-
page coding enable signal “S1” or the inter-page coding
completion signal “S17” 1s finally applied to the process start
signal producing circuit 110, a count value “K3” of the col-
umn address counter 117 and a count value “K2” of the row
address counter 116 are initialized (setto “O””) based upon the
process start trigger signal “S2” outputted from this process
start signal producing circuit 110 (SP 41 and SP42).

Subsequently, based upon the page address counter 1nitial
value signal “S3” outputted from the page address counter
initial value setting circuit 11, “0” corresponding to the mitial
value for the even page group 1s set as an 1nitial value of a
count value “K1” of the page address counter 115 (SP 43),
and also, based upon the process start trigger signal “S2”
outputted from the process start signal producing circuit 110,
the count value “K1” of the page address counter 115 1s
mitialized (SP 44).

Next, the access command producing circuit 118 1s 1niti-
ated based upon the process start trigger signal “S2” output-
ted from the process start signal producing circuit 110, and at
this time, data of a symbol 1s read out from the memory 62,
which 1s located at an address position corresponding to a
page address, arow number, and a column number, which are
indicated based upon the access address signal “S11” sup-
plied to the access command producing circuit 118 (SP 45).
This process 1s repeatedly carried out until the data of the
symbols 1n the same row and the same column as to the
preceding page within the even page group (SP 45 to SP
4'7-SP 45).

Then, when the count value “K1” of the page address
counter 115 reaches the same numeral as the total page num-
ber of data page 50D (FIG. 6) within the even page group, the
data of the respective symbols read out from the memory 62
at this time are supplied from the access command producing
circuit 118 to the error correction code calculating circuit
119; and based upon these data, page-direction parties “PZ”
as to the row and the column of this even page group are
calculated 1n the error correction code calculating circuit 119
(SP 48).

Thereafter, the page-direction parities “PZ” calculated in
the above-described manner are written into address posi-
tions within the memory 62 every 1 symbol, which corre-
sponds to page addresses, row numbers, and column numbers
indicated by the access address signal “S117 (SP 49 to SP
51-SP 49).

Then, when the count value “K1” of the page address
counter 115 finally reaches the same numeral as all the page
numbers within the even page group (otherwise, odd page
group), the page group completion signal “S5” 1s supplied
from the page address counter 115 to the page address counter
initial value setting circuit 111 and the page address counter-
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purpose OR circuit 112; “1” being equal to the mitial value for
the odd page group is set as the mitial value of the page
address counter 115 based upon this page group completion

signal “S5””; and also, the page address counter 115 1s 1nitial-
1zed (SP 52, SP 53).

Subsequently, a similar process 1s carried out as to the odd
page group (SP 44 to SP 52); and when the inter-data coding
process with respect to the odd page group 1s accomplished,
the page direction completion signal “S6” 1s supplied from
the page address counter 115 to the row address counter 116,
so that the count value of the row address counter 116 is
counted up by “1” (SP 54 and SP 53); thereafter, “0” being
equal to the 1nitial value for the even page group 1s set as the
initial value of the page address counter 115; and a similar
process 1s repeatedly carried out after the similar process has
been carried out as to a new row where the page address
counter 1135 1s imitialized (SP 43 to SP 54-SP 43).

Then, when the count value “K2” of the row address
counter 116 finally reaches the same numeral value as the
total row number of 1 page, the row direction completion
signal “S7” 1s supplied from the row address counter 116 to
the row address counter 117, so that the count value of the
column address counter 117 1s counted up by 1 (SP 56, SP
57). Also, this row direction completion signal “S7” 1s sup-
plied to the row address counter-purpose OR circuit 113, so
that the row address counter 116 1s 1nitialized, and thereatter,
a stmilar process 1s repeatedly carried out (SP 42 to SP 56).

Then, 11 the above-explained process has been accom-
plished with respect to all the rows and all the columns, then
the mter-page coding circuit 85 waits that either the inter-
page coding enable symbol “S1” supplied from the second
comparator 101 (FIG. 7) or the iter-page coding completion
signal “S17” supplied from the inter-page coding completion
signal producing circuit 120 1s again applied to the process
start signal producing circuit 110; and when either inter-page
coding enable signal *“S1” or the inter-page coding comple-
tion signal “S17” 1s applied to the process start signal produc-
ing circuit 110, a similar process 1s repeatedly performed as to

a next block (SP 40 to SP 56-SP 40).

(3) Advantages of Present Embodiment

As previously described, 1n the optical information record-
ing/reproducing device 1 according to the present embodi-
ment, the page belonging to one block are divided into the
even page group S1E and the odd page group 510 and the
inter-page coding processes are performed with respect to
these page groups, the pages which are recorded by the angu-
lar multiplexing manner on the hologram disk 7 and are
located adjacent to each other are divided mto the different
page groups, and the inter-page error correction codes are
calculated. As a consequence, even 1n such a case that the
crosstalk occurs between the adjoiming pages during the
reproducing operation, the error bits are dispersed to the
different page groups, so that the correction capability by the
inter-page error correction codes can be improved, and thus,
the reproduction information having the superior quality can
be obtained.

(4) Other Embodiments

It should be understood that in the above-described
embodiment, the present invention has been applied to the
optical 1nformation recording/reproducing device 1 with
employment of the arrangement shown 1n FIG. 1. However,
the present invention 1s not limited only to the above-de-
scribed optical information recording/reproducing device 1,
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but may be widely applied to optical information recording/
reproducing devices having other arrangements, or optical
information recording devices, which angle-multiplex data
tor plural pieces of pages and record the angle-multiplexed
data on the same recording region of the hologram disk 7.

Also, the above-explained embodiment has described such
a case that the intra-page coding circuit 83 performs only the
intra-page coding process. However, the present invention 1s
not limited only to the above case, but may be alternatively
realized as follows: That 1s, the intra-page coding circuit 83
may perform a scramble process for encrypting page data, a
page address adding process for adding page addresses, and/
or a process for adding error correction codes after an error
detecting/coding process has been executed.

Moreover, the above-explained embodiment has described
such a case that the inter-page coding circuit 83 divides pages
contained 1n a single block 1nto the even page group 51E and
the odd page group 510, namely two page groups, and sepa-
rately performs the inter-page coding process every page
group. However, the present invention 1s not limited only to
the above-case, but may be alternatively realized i1 the pages
contained 1n one group are divided into a plurality of page
groups 1n such a manner that pages which are recorded adja-
cent to each other by being angle-multiplexed do not belong
to the same group: That 1s, while the pages contained 1n one
block may be divided into more than 3 page groups, the
inter-page coding process may be separately carried out for
cach of these divided page groups.

FIG. 17 1s a flow chart for describing a series of flow
operations of inter-page coding processes performed 1n the
inter-page coding circuit 83 1n the case that the pages con-
tained 1in one block are divided into 3, or more page groups.
This, iter-page coding process has only such a technical

different point that 1n the steps SP 66, SP 68, and SP 70, page
group numbers divided at this time are entered to characters
of “k”, and other processes defined in the steps SP 60 to SP 76
are similar to those shown 1n FIG. 16.

While the embodiments have been described, the present
invention 1s not limited only thereto, but may be changed and
modified 1n various manners within the accompanying scope

of claims of the present invention, which may be obvious for
a person skilled 1n the art.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram for showing an arrangement of an
optical information recording/reproducing device according
to a present embodiment.

FI1G. 2 1s a conceptional diagram for indicating an arrange-
ment of an optical system of an optical pickup.

FI1G. 3 1s a flow chart for explaining a recording/reproduc-
ing preparation process in the optical information recording/
reproducing device.

FI1G. 4 1s a flow chart for explaining a recording process in
the optical information recording/reproducing device.

FIG. 5 1s a flow chart for explaining a reproducing process
in the optical information recording/reproducing device.

FIG. 6 1s a conceptional diagram for indicating a series of
information signal producing process flows executed in a
signal producing unit.

FI1G. 7 1s a block diagram for representing a concrete struc-
tural example of the signal producing circuit.

FIG. 8 1s a conceptional diagram for describing an intra-
page coding process.

FIG. 9A 1s a conceptional diagram for explaining an inter-
page coding process.
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FIG. 9B 1s a conceptional diagram for explaining an inter-
page coding process.

FIG. 10A 1s a conceptional diagram for explaining an inter-
page coding process.

FIG. 10B 1s a conceptional diagram for explaining an inter-
page coding process.

FIG. 11 1s a block diagram for showing a concrete struc-
tural example ol an inter-page coding circuit.

FI1G. 12 1s a timing chart for explaining a process content of
the inter-page coding circuit.

FIG. 13 1s a timing chart for explaining a process content of
the inter-page coding circuit.

FIG. 14 1s a circuit diagram for showing a concrete arrange-
ment of a process start signal producing circuit.

FIG. 15 15 a timing chart for explaining a process content of
the process start signal producing circuit.

FIG. 16 1s a tlow chart for describing a series of inter-page
coding process flows executed 1n the mter-page coding cir-
cuit.

FIG. 17 1s a tlow chart for explaining a series of inter-page
coding process flows according to another embodiment.

The mnvention claimed 1s:

1. An optical information recording medium comprising:

a plurality of page data multiplex recorded on a same
position;

wherein each of said plurality of page data 1s detected by
irradiating laser beam at a respective specific incident
angle; and

wherein said plurality of page data are divided into a plu-
rality of page groups which are sets of a plurality of page
data and are performed an error correction coding pro-
cess per each of said page groups.

2. The optical recording medium according to claim 1

wherein:

any pair of page data which are adjacent to each other 1s
recorded so as to belong to different page groups each
other.

3. The optical recording medium according to claim 1

wherein:

said page data have user data arranged 1n a rectangle form
for transierring to a host;

a first intra-page parity added to said user data along with a
direction of a side of said arrangement of said user data;
and

a second intra-page parity added to said user data and said
first intra-page parity along with a direction orthogonal
to the direction of addition of the first intra-page parity.

4. An optical recording method for multiplex recording

page data of a plurality of pages on a same position of a
hologram disc, the optical recording method sequentially
executing the steps of:

a first step for sequentially dividing input data from a host
in a predetermined unit so as to sequentially produce
respective two dimensionally arranged respective pate
data;

a second step for performing an error correction coding
process for each individual page of said page data;

a third step for dividing the page data to which error cor-
rection coding process has been performed in the second
step 1nto a plurality of page groups which are sets of a
plurality of page data and for performing an inter-page
error correction coding process taking the page group as
a unit; and

a Tourth step for multiplex recording the data of said plural
pages to which said inter-page error correction coding
process has been performed on said hologram disc.
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5. The optical recording method according to claim 4
wherein:

in said first step generating a page data arranged 1n a rect-

angle form; and

in said second step performing a first intra-page error cor-
rection coding process for data array along with a direc-
tion of a side of said page data arranged in the rectangle
form then performing a second intra-page error correc-
tion coding process for the data array along with a direc-
tion orthogonal to the direction of the first intra-page
error correction coding process.

6. The optical recording method according to claim 4

wherein:

in said dividing process of said third step dividing said page
data to be recorded on a same position 1nto a plurality of
page groups based on a residue obtained when a
sequence number of transfer of the data to be recoded
from said host 1s divided by a number of said page
groups.

7. The optical recording method according to claim 4

wherein:

controlling so that data amount processed by said second
step does not overtake data amount processed by said
first step;

controlling so that data amount processed by said third step
does not overtake data amount processed by said second
step; and

controlling so that data amount processed by said fourth
step does not overtake data mount processed by said
third step.

8. An optical recording device for multiplex recording data
of a plurality of pages on a same recording region of a holo-
gram disc, comprising:

an 1ntra-page coding unit for sequentially dividing data
from a host 1n a predetermined unit so as to sequentially
produce data of respective pages, for performing an
intra-page error correction coding process, for calculat-
ing an error correction code separately for each of said
pages and for adding the calculated error correction code
thereto;

a signal generating unit for dividing into a plurality of page
groups which are sets of a plurality of page data and
performing an inter-page error correction coding pro-
cess fTor the page data obtained by the intra-page coding
process taking the page group as a unit and generating a
data array to be recorded on said disc; and

an optical pickup for angle-multiplex recording said plural
page data to which said inter-page error correction cod-
ing process has been performed on said hologram disc.

9. The optical recording device according to claim 8
wherein:

said signal generating unit generates a page data arranged
in a rectangle form data array, performs a first intra-page
error correction coding process for data array along with
a direction of a side of said page data then performs a
second mntra-page error correction coding process for the
data array along with a direction orthogonal to the direc-
tion of the first intra-page error correction coding pro-
Cess.

10. The optical recording device according to claim 8

wherein:

said 1nter-page error correction coding process 1S per-

formed taking page group as an unit wherein page data to
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be recorded on the same recording region of said holo-
gram disc are divided into N page groups, where N 1s an
integer equal to or more than 2;

said signal generating unit comprises interiorly a memory,

data input processing unit and 1nter-page coding unit;

said data input processing unit sequentially divides input
data from a host 1n a predetermined unit so as to sequen-
tially produce page data and stores the page data of
respective pages along an mput sequence from said host
in regions provided 1n said memory for respective pages;
and

said inter-page coding unit generates the page group by
referring the page data 1n said memory at N pages inter-
val and performs the error correction coding process.

11. The optical recording device according to claim 8
wherein:

said signal generating unit comprises:

an input unit for sequentially dividing input data 1n a pre-
determined unit so as to sequentially produce data of
respective pages;

an mtra-page coding unmit for performing intra-page coding,
process, which is a coding process within a page, for data
of respective page generated by the data input unit;

an ter-page coding unit for dividing said plurality of
pages to which the intra-page coding process has been
performed to be recorded on the same recording region
into said plural page groups and performing the inter-
page coding process for respective said page group;

a recording pattern generating unit for generating a record-
ing pattern of the respective page based on data of the
respective page in the respective group to which the
inter-page coding process has been performed;

a recording pattern transier unit for transferring the record-
ing pattern of the respective page generated by the
recording pattern generating unit to said optical pickup;
and

a control unit for controlling so that respective process of
the 1ntra-page coding unit, the mter-page coding unait,
the recording pattern generating unit and the recording
pattern transfer unit does not overtake respective process
of the preceding stage of the data input unit, the intra-
page coding unit, the inter-page coding unit and the
recording pattern generating unit.

12. An optical recording method for multiplex recording
page data of a plurality of pages on a same position of a
hologram disc, the optical recording method executing the
steps of:

a step for dividing inputted user data 1n a predetermined
unit so as to produce two dimensionally arranged page
data;

a step for dividing the produced page data into a plurality of
page groups which are sets of a plurality of page data so
as to belong to different page groups from those of
adjacent page data each other and for performing an
inter-page error correction coding process taking the
page group as a unit; and

a step for multiplex recording the data of said plural pages
to which said inter-page error correction coding process
has been performed on said hologram disc.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

